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PREFACE TO THIRD EDITION. 

ThJsmlKht with proprletr be oklled the [ourth odltlon— tbe mufii Idea 
' of the work baTlne boon embodJod la a pomphlot under tb« smeir llMu. 
pubUshed In 1873 but lone sinra toreoltoa. The successive cditloua 
have readied [heir preseoE Form by accrclion. rather thiui b; devulop- 
ment; like Topeey. the book has "sro'iTed." rather than boon ' brou^bl 
up. and just aa that youiui Indy exhibited numerous tralta which w 
iDGODsUtect with a proper training, no this book shows patch-work and 
I Ineqaalities which do not odd either to Its value or its attraotiveaess. 

Otall this the aathor la full y conscious, and if he could possibly huvo 
secured Ibe necessary leisure he would gladly have rewritten the entire 
volume. But preEslne, or rather Imperative calls upon his time, have 
prevented this, and he has, therefore, been compelled to feel satlsBed 
with Guch Boneral revision and addl tlons as wore neoessary to bring the 
work up to the present state of our kuowlcdKe, 

The book ie still iDlended for beeloners and has changed uothlQe of 
its elemeutary charootcr. It Is true that we have Inserted a few piiRcs 
rolatlDfi to the higher class o[ objectives, and the accesHorles liaod witli 
tliem. but those who do not possess such appnratus can easily skip 
these paBsa«ea. 

That it I8 suited to the purpose for which it was intended, we have 
evidence, not only in the extended aale which it has secured, bat In 
ttie fact that It has b^en adopted as an auxttiary text-book In seveial 
of our schools and ooUeges. 

Jeio Tork. JaJotarv. issL 



PREFACE TO SECOND EDITION. 

■ The fact that aa uausnally large edition ol this work has beeu sold lo 
a oomparatlvely short period, la, bo the author, evidence that such a 
work was needed, aoij that the present volume has, to a eertalo extent, 
supplied the want. In the present edition, thorefore, hobas endeavored 
to introduce several Important Improvements, while at the same time 
the elementary character of the work remains unaltered, 'With a few 
very slight and unimportant eieeptlons, the entire matter of the former 
edition has been incorporated In the present, and In addition several 
imponnnt subjects, partioulady the chapter on objBctiveB. have b«en 
ervatly enlarged. 
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Many important points still remain untouched, but it is believed that 
in its present form most beginners will find in it all the information 
that thoy may require upon general topics. 

As the want of all illustrations of the stands of different makers, and 
of many aocossorios, has been urged as an objection to the first edition, 
and as wo have not deemed it advisable to fully supply this omission in 
the prosout issue, a word of explanation may not be out of place. One 
groat object in view in the preparation of this book was the furnishing 
of a cheap manual for those who cannot afford the more expensive books 
of Curpontor. Boale, Frey. etc. To have given anything like a fair rep- 
roHontatlon of the products of the different makers of this country and 
of Europe, would have nearly doubled the size and price of the volume. 
. But If the reader will* examine the engravings of stands, etc., in the 
books just uumtionod, ho will find that, even in the best of them, these 
illuHtratlonH are more reproductions of the figures found in the descrip- 
tive iJHtH of the various dealers. As new editions of these lists are being 
constantly iHsuod. and as they may in most cases be obtained without 
cost from those that publish them, we have thought it best to refer our 
readers to tlioso catalogues for information in regard to the constructicgi 
of the instrumontH of different makers. For the addresses of the promi- 
nent micToscopo makers of this country and Europe we refer our 
readorn to " The Microscopist's Annual." 

In this, as in the previous edition, we have omitted all descriptions of 
objects, believing that the proper aim of a book on the microscope 
should not be to teach the general principles of botany, zoology or 
histology, but simply the best methods of using the microscope in the 
pursuit of these studios. The proper book& in which to find a descrip- 
tion of objects, are those which treat of that department of science which 
takes cognizance of the special subject under consideration. The 
present volume is intended merely as a guide to the best general 
methods of using the microscope. 

It has been a source of great satisfaction to the author to be assured 
by those whom he deems good authority, that this little book has done 
much to foster the use of the microscope in this country, and he hopes 
that the present improved edition will tend to still further increase the 
deep interest which is already felt in an instrument which has done 
more than any other to extend our knowledge of organic nature. 

J^ew York, August, 1877, 
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Tlie MicroBcope uid Kb ■pplicillong in tbe AtIb, ind In general ideoM, 



ig doBerrcdlj occopEed 

ft TsBCSTMAi. MoNTiiLt, k Very larec num 
Ttpaid to tbc best roethode of nsiug and sppljiog tliii 
]:sv« been directed to DB, It woald fauvo bciin cigy U 
qiiiricK b; a rerereDceto some Due of tbe many trealii 



the pngeB of Tne Tkcb- 

>ei- of enquirivB in 

useful iiigtniineDl 

ui«vr these ea- 

n tbftt liave been 

I'Ublisbcd on tbi« Bnbjoct, but aa most of theBS worts are eipeuaiie, and 

L aa man; of our coirespondeutB desire an amwer in a more codcibs sod 

I almple Ehapc, we ha,ve endeavored to give, in obeap and compact form, Ibe 

Information that ib most ubusIIj demanded. 

It iB an aufortuDato fact tLB,t wLile tlie micruBcope la daily groiviiig iu 
latorvitb those nlio know anj'tbiog of ila acbievemetits, tlie operationH 
of certain particB, loo well hnonn to the public, hsre bronglit a certain 
degree of saBpieion upou b11 atlcnipta to popularize tbia mast Taluable 
instrument. UicroBcopoB, v&rjiiig in price fi'om twentj-fiTeceulB to two 
dollars and a. balf biTO been offered for Bale, and the claim made for them 
tbattbef are capable of showing clearly tbe stniclure of tbe more min- 
ute tissneH, Bjid tbat they may be used to adTBUtage by phyBidaoa and 
naturaUats. To the yonuestudeut wfaoae means are limited, and to the 
conDlry practitioner, whose ability to anpply himself with needed books 
■□d inBtnuneiilfl often fsiila fcr Bhort of his dctires, the offer of a aervlce- 
ablo microBeope for a conple of dollars ig a eroat temptation, and when 
the instrument in qucatiun i» endorsed by a long list of clergymen, law- 
yers, and even editors, this temptation becomes irresistible. And if the 
pnrcbater should happen to be □□familiar with really good mlcroecopeE, 
I and nnable to dlscrimiuale between a clear and accurately deSned view 
■ of any object and one that is dlHtorted and incorrect, he may be led to uie 
I. it, aud so fall into tbe most aerious miataliea. That tb Is, unfortunately, 
f dnsB happen loo often must be will known to all who are faniilinr with the 
I inbiect, anil it ii within our own luiowled^e that the most wortblcaa car!- 
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catore of a mlcrosoope has been purchased and nsed under inch circmn* 
stances. 

We indulge a faint hope that the information conveyed in the following 
pages will enable the inexperienced reader to avoid these mistakes, and to 
assign a proper value to the certificates of clergymen and editors who 
vouch for the excellence of articles concerning whose properties and uses 
they are profoundly ignorant. These two classes wo single out for repro- 
bation, because— in this rospect, at least — they seem to be sinners above 
all other men. 

As stated in the title page, it is intended for beginners, and not for 
beginners in the use of the microscope only, but for those who have had 
little or no experience in the use of instruments of any kind. Hence the 
directions that are given are of the very simplest kind, and all theoretical 
explanations have been avoided, for the reason that any person that is 
desirous of studying the optical principles upon which the microscope is 
constructed will find in the ordinary text books on natural philosopby all 
the information he may want. Our object has been solely to impart such 
information as will enable the reader to make a beginning in the practice 
of microscopy, hoping that the start iLus given will lead him to proceed 
with his studies, and ultimately acquire that knowledge, skill and dexter- 
ity which will enable him to avail himself of the extraordinary powers and 
advantages which the use of this instrument confers, both in scienlifio 
pursuits and in everyday life. Above all things, therefore, we have en- 
deavored to be accurate in our statements and judicious in our directions, 
and the reader is assured that no processes or methods are given which 
we ourselves have not frequently and successfully put in practice. 



JOHN PHIN. 
Jfew York, January, 1876. 



INTRODUCTION. 

ThonsandB of microBcopea throughont tlie conntiy are at the pres- 
ent day lying idle, simply beoanFie tlieir ownara do not know how to 
aae them. If properly employed thpy might be made to afford bq 
iiiDdlcalable amount of instnictioa and amuBemanC; bnt, as it is, they 
are n drag upon the popularizition of Kuienee, because they convey 
Ihe Idea tliat tlie microscope is a difficuH iustraaient to nae, and 
tlmt It is not of much aeooiiDt after we have learned to une it. The 
owoers of these microscopes have examined all the monnted objects 
lit their command, the entire number of wbich probubly does not 
eiooed twojjr three doaen, and tbey have no information as to the 
best methods of preparing common objects (or examination or pre- 
Eervation. Even the objects tliat they possesa have never been ei- 
ptained to them, and are merely pretty toys. The fly'a eye is inter- 
esting becaose it looks like a piece of netting, siid the bnttecfly's 
wing is attractive becaaae it is probably a little more brilliant than 
the most brilliant silk dress, bnt neither of these objects intorcats of 
Iteelf and becanse of ils beantifol stractare. 

IVIoieover it often happens that an instrument which, when first 
purchased, was of very &ir quality, has. through ignorance and 
carelessness, become so soiltd and dimmed that it no longer serves 
the purpose intended. Oa more than one occasion have we seen a 
fine microscope leave the dealer's bauds in excellent order, and re- 
tom la a week entirely nnflt for use. Microscopes in this condition, 
instead of being a source of instmeliou and pleasure, are au eyesore 
and aa oconsion of annoyance. They continually serve os reminders 
of awkwardness and failure, of wasted time and ill-spent money. 
And yet with proper instruction nnd b due amount of care all thia 
might have been avoided. 

It is also a (act to be regretted that heretofore the microscope has 
not been eiteuaively employed in the arts, and in everyday life, 
simply beoBUSB practical men have not been taught how to use it, 
and consequently have been unable to avail themselves of the advan- 
is which it offers; but if carefully and judiciously selected, and 
properly handled, it is capable of affording an amount and kind of 

listauce which cannot be safely neglected. It may be made to aid 
In the examination of raw materials, and of the finer kinds of work ; 
it will enable us to measure spaces which would otherwise he inap- 
preciable, and this, in aa age when even in ordinary machine shops 
the thousandth part of an inch is frequently an important quantity, 
zeoders it indispensable to the oarefol and skiUfnl mechattlo;on the 




I 




firm it will enable tha ogricullnriat to examine cloaelf and minutelj 
the TiiionBiioiiioaa insects and forms of faqgi aud blight, and tbus 
aid bim in ideuCifying tiifm and applyiDg the proper remedy; uid 



itliy, clover, e 
I, enabling bim to detect any in- 
ipurity or Bdiilteration. Frequently 
narket contain minute seeds of of- 
BD small that they are not easily dis- 
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in the eiamiuntioD of 
wilt prove a very valuable 
fdriority in the qunlity, or anj 
the agricaltnral seeds oGTeied 
fanaive weeds, maDjofwliioh i 
covered by tba na.keJ ^ye. 
' Every (tLrmeT and meehanic knows tba value of a good pair of 
eyes, and be also knows that an agent which doubles oi trebles oar 
power in any given diroolion at once confers npon us in. that respect 
a saperiority over onr fellowa. Very few men are twice its strong bs 
their comrades: still fewer have three times the strength of ordinEiry 
men, and it may be safely iifGrmed that no man po>>sesaeB the power 
of ten ordinary men. Bat a micrmcope of very ordinary capacity at 
onoQ multiplifs our powers of sight by ten, twenty, or even a hun- 
dred times, while those of tha better class enable us to see things 
with B keenness and cleAmess which, wheu compared with that af- 
forded by the naked eye, is as more tlrnn a thousand to one. 

There are four distinct and important directions in which a mi- 
croscope may be made to serve ua: 1. II is capable of affording the 
most refined and elevating kind of pleasure by the exhibition of ob- 
i ects of eitrenia beauty and interest. There are few more splendid 
sights than the gorgdoua colors displayed by some objects when 
viewed by polarizeil light, and even the tints of certain minerals, 
and the brilliant scales of certain insects, when viewed as opaque 
objects, by means of a good condenser, surpass anything that is 
familiar to us in our ordinary eiperiencB. On the other hand the 
exquisite beanty of form which is characteristic of most of the ob- 
jects with which the microscopist coneerns himself con be lutly ap- 
preciated only by those who have seen them. As a source of inno- 
cent amasement aud pleasure, therefore, the microscope has few or 
no eqnals:for it may be safely affirmed that a five-dollar instrument 
is capable of affording gratification of greater variety and iutensity, 
and of longer coutlnuance, than that yielded by anything else of 
the same cost. This arises chiefly from the fact that mOKt other in- 
struments, when once exhibited, with Iheir slides or fiitnres, lose 
their freshness and interest, and become old. While for the micro- 
BDOpe, a few fibres of wool from the carpet, a few grains of Band from 
(be •ea-Bhore, or a handful of wild flowers Irom tha field, yield ob- 
]eata of Burpsasing beautf. Sferything in natnra and in cut may bo 



I 

J 



INTBODCOTIOW. SUI 

■nbjeotad to inspeotion by it, aud will theu dieolose new benatitb 
nnd fireah Bonroea of knowledge. Under it the point of the finest 
ciinibrio needle looks like a crow-bur, grooved and ieamed wllb 
Bsmtohes; the eye of tlie fly isaaoo to consint of tboneonda of eyes; 
and the dnst go the butterfly's wing appears to be what it realty is, 
Ecales laid on with all the regalarity of shingles or states ou a honse; 
while to prepare and exumlae these simple objects requires no great 
Bkill Bod no elaborate appiLratua. 

2. As a means of imparting instmotion to the yoaog, tlie micros- 
cope hua aow become indiapen sable. The ohaugeB which of late 
years hare taken place in the views held by onr ablest men in regard 
lo the best education are too well kuuwn to need eien mention. 
No edacBtioQ that dixs not inclade a, koowledge of natiirnl ecience 
is now regarded as complete, and there is & rery wide range of the 
moxl essential and practical knowledge that can be reached only 
through the microscope. Thas, when we lock nt a leaf with the 
naked eye, we sea but a green mass of matter, possessing n certain 
beaatifol rorm, il is tme, but disctoaing uoue of those organs which 
t^'enderit more coraplicBted Rnd wonderful than anj thing ever pro- 
I daced by out most skilfnl mochiinics. Looked at by the micro- 
i scope, however, thia Kome leaf is found to be made np of innumer- 
able parts, each one of which is highly complex »ud beautiful; It is 
famiahed with mouths for breathing, with cells for storing, d i geat- 
iDg and araimilatiugnntriment, and with ribs for strengthening its 
lod all this, which is perfectly invisible to the onabsisted 
omes' distinct and obvious when wa call to our aid a 
even modcTBte power. It is tme that much of this 
I TDay he taoght by means of books, engravings and verbal descrip- 
I iions, bat every one knows that Ibr diatinetness and impresHiveueia 
I the very best engravings fall far sliort of a view of the rent object. 

s an instrument of research, the microscope now occupies a 
1 position which is second to none. There is hardly any department 
u which a student can hope to reach eminence witbont a 
I familiarity with the microscope. Botany and Zoology have been 
t developed almost wholly by ils aid, and so necessary is it in the 
I Btady of tbese scienoes, that Schleiden, one of the most succeasfnl 
I of investigators says of it: " He who expects to become a botanist 
lor ftBOologist without using the miorosuopa, is, lo say the least of 
vbim, as great a fool aa be who wishes to study the heaveus without a 
Ftelescope. " In chemistry its services have been very important, and 
■In geology and mineralogy it has opened np new fields of research 
Virhich almost promise to revolutionize these sciences. Uedicine has 
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long acknowleilged Llm uiioroacopc as one of km Inoet efficient BS- 
Hiataols, aud in the practice of the best pbj'siciBDB it ia regarded bh 
na indiepeuBftble ujeana or dingnciBis in Eome dtaenEeH. 

4. Aa an BBHistmitin the BFts. Ita imitortance in tiiis departmeut 
ia but juBt beginning to be raeognized, and in a former paragrapli 
we haye endeavored to point out a few of the eabjects to which it 
mn; be applied with good hopes of aucceaa. 

These iruportant and obvioas advantagea are notdifficnlCto aecuce, 
provided we avoid two miatakes wliich are very commonlj made by 
begjnnera. Ooa of these coaaista in supposing [hat it is only by 
means of very expensive and complicated instrnmeuts that anylbing 
of value can be accompliabed iu microscopy. Now while it ia cer- 
tain that, in aoine dapartmenta of Btudy, none but the very besb 
microBcopes are of any value at all, it is equally oi'iLain that a very 
vide range of study and of practical work can be thoiougbly culti- 
vated by means of appsratua of very moderate cost, ai;d of great 
aimplicity of constractiOD. Tlie great discoveries of Elirenberg, 
which opened up entire new fields of research and of thouglit, were 
made with a microscope which at the preacnt dnj wonUl not com- 
mand $25. Indeed some of the Jceneh lustromenta that are sold 
for SI5 will show a very large proportion of the objects that are 
figured in hia earlier works. Most of the great analomical Bud 
botanical iliacuveriea were made with simple mieroBcopea of no great 
power, and it is not many years since one of the most sacceaaful 
workerain the field of botany gave it as his opinion t'lot a power of 
300 diameters is capable of showing everything that is of impor- 
tance in this science. 

The other error is of precisely the opposite kind. It ia not at all 
Tinnsnal to meet peraona who seem to think that all that is neceaaary 
in order to become a micT09copii«t is to boy a microscope and pkce 
objectanuderit! Such people always entertain an exaggerated idea 
of the power of the microscope aa an inslrument of research. For 
example, they ihiuk that in order to detect adolteratiou all that is 
mecessary is lo place a sample under the microscope, when all im- 
parities will at once ntand out conspienonBly! To their imagination 
every blood corpuscle is clearly marked with the name of the animal 
from which it was obtained! 

Truth ties between these extremea. No progress can be madi; 
without ateady application and peraiatunt labor, but any person ol 
fair average ability and a moderate degree of pereeverauce can eoou 
learn to follow the beaten track at least, if not to branch out into 
original research. 
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'>Vliat is a Microscope I— The microscope !&-«£ instru- 
ment wliicb enables ns to see either very miunte ol'jeots or 
very minnte pfttts ot large objects. It is a very popular idea 
tliat the name microscoi>e is applicable only to oomplei iusttii- 
menta of con^dderable power; but this is clearly irrnDg. A leu 
cent magcifyiog glasshas as good a rii;bt to ilie niuue micro- 
scope as has a complicated binocnlur inatrumeut with all the 
latest improTementa. Eycommou conseiit, however, tbeantall 
band instromeuts, without stands, are generally called matfai- 
fieri. An attempt hiisbeenmade to introduce the foreign word 
\oHpe as an equivalent of magnifier. The word /o"/w is, how- 
ever, superfluous, and is used only by ostentatious pedunta, and 
by foreigners who are ignorant of English. 
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What tlie Microscope Does.— It is veil known that 

the further ofT any object ia, the less it appears. A house at a 

distdQce appears less thau a man who is close by, and the dis- 

Ith which an object is seen depends largely upon its 

ipparent size. Thus, at a distance, a house not only appears 

Very small, but the windows caunot be distinguished from the 

Test of the building. As we draw nearer it becomes apparently 

larger, and the dilferent parts beoome more distinct. First the 

windows are seen clearly, then the individual panes of glass, 

then the bricks, and finally the grains of the material of wliinli 

\ bricks are made. When, however, we approach too closely 

ogaiu find it impoaaible to see distinctly, as may easily be 
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proved by a verj simple eipetiment. Place Home fine print, 
Hiich, for example, aa the present page, at a distance of six feet 
from the eye, aud gradually move closer to it. At six feet tUe 
letters will be indistinguiahable; at two feet they will be quite 
distinct; at one foot still more distinct; at three inches they 
will be quite blurred. There is, therefore, a limit to the degree 
of closeness with which we can approach any object for the 
purpose of examining it, and the object of a microscope is to 
enable ns to get close to it, aa it were, without blurring our 
view. If, without changing the distance of the eye from the 
paper (three inches) we introdnoe between the two a lena of one 
inch focns, and bring it into proper position, we will find that 
the indistinctness formerly compbined of disapiieara, and the 
object is now not only seen clearly, but appears very mnch 
maguiSed. That objects appear large in proportion to their 
nearness to the eye may be thus shown: Take two slips of 
paper printed with type of the same size (t<no clippings from a 
newspaper answer well) and place one at a distauce of ten 
inches from the eye and the other at a distance of fire inches — 
the edge of the apper slip being placed bo as to lie about the 
middle of the lower one. In this way we can readily compare 
the apparent sizes of the type on the two slips, and one will bo 
found to appear just twice as large as the other, though, of 
conrse, we have the evidence of our senses to prove that they 
ore precisely of the same size. Moreover, as the usual distance 
for distinct vision is about ten inches, in persons of middle 
age, it will be found that a lens which enables us to view any 
object clearly and distincdy from a distance of one inch, will 
enable us to sec it just ten times larger and ten times more dis- 
tinctly than we could do when looking at it from a distance of 
ten inches. A consideration of these facts led the late Dr. 
Goring to propose the name eiigiscope as a substitute for the 
word microscope — the word engiscope signifying to see things 
at a very short distance. 

The facts which we have just detailed must, however, be re- 
garded as illustrations, ratherthanoxplaualions of the action of 
the microscope. It is evident that the power of a lens to in- 
let Ue distinctness with which any object is seen, depends 
mly npon the action of the lens upon the rajs of light, but 
upon the influence which such modified light exerts upon the 
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organs of yisioo. Hotr, the eye, considnred merely as an opticiij 
inatriiniQnt, is in reality a email mimera obsciirnin whicli tUe 
oorueo, crjatalline lens, and otiier triLnapdJ'tiat ptirtloiiB, com)}lDe 
to throw upou the retion. ua image ot external objects. Tli^it 
the traasparent portions of the eye Ha in fact act as a lens, and 
throw a. real image upon the retina or posterior portion of the 
eye, is easily shoivn by taking the fresh eye of on ox and grad- 
nally shaving off the couling ut the back until it becomes 
transparent. If tlie eye, so prepared, be then held towards 
a window or any very bright object, a distinct but inverted 
image of the window or other objei;t will be seen on the ooat 
of the eye. 

The action of the eye in this case is the same as that of a 
lens, and the general mode of action of leuses nnder snch cir- 
□umstoncea may be easily illastrated by means of a common 
hand magnifier or even a spectacle glass. If the reader will 
hold before a window, at a, distance of, say, six feet, a sheet of 
wMte paper, and will place a magnifier in front of tlie paper, 
then by properly adjusting the distance between the maguifler 
and the paper, a picture of the wiudow will be thrown oa the 
latter. If the magnifier and paper be now removed to a dis- 
tance of twelve feet from the window, the picture of the hitter 
will be only half as large a^ it was iu the first place, and it will 
also be found that the distance of the lens from tiie paper will 
have to be readjusted and made less. 

Tliut the eye possesses this power of adjustment we are all 
conscious, tor we feel that if, when the eye is adjusted for the 
distinct vision ot distant objects, we auiiilenly look at those 
which ore near, the condition ot the eye requires to be changed 
before a distinct view can be had, and to make this change 
requires an effort of which we are perfectly conscious. 

When a leas is held in front of a sheet of paper, so as to 
throw oQ the latter a distinct image of the objects in front of 
it, the distance between the pnpi-r and the lens is called the 
fwml disiance or focal length of the hitter, This, as we have 
just seen, varies with the diHtiince ot t e object which gives the 
image. In order, therefori', to secure a stundiird iu this 
respect the object selected ih idwHys one whose di.'-tance is so 
great that it may be practically rtegutdud as iufinite. 
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When we examine an object, first at a distance, and then 
close at band, we see it througli tlie medium of two diSerent 
aets of rays, those ia the latter case entering the eye in such a 
direotiou that the image thrown on the retina is larger than the 
image produced when the object is more distanL The lena acts, 
however, bj bending the raja so that the same set, which, if 
allowed to pursue their natural direction would not produce a 
distinct image, are cansed to enter the eye in such a direction that 
the image ia large and clear. The manner in which the lens acts 
to produce these effects is not difficult to understand. It is true 
that the ultimate causes which produce these phenomena are 
bejond our knowledge, but in this respect the ablest philos- 
opher has very little advantage over the veriest tyro. It may 
be difflcuU also tor the general reader to follow the matha- 
matical demon stiat ions of the action of lenses. Tliere ore, 
however, a few simple facta which are easily understood, or at 
least demonstrated and accepted ag /'icls, and which, when 
clearly and firmly grasped by the mind, render the construction 
of the microscope comparatively easy of comprehension. 

There are two ways in which the subject may be studied. 
We may examine the facta experimentally, by using lenses 
and actnal eyea in the way we Lave described, or we may fol- 
low the courae of the rays aa laid down in any good book ou 
optics, A combination of both methods will of course give 
the clearest views on the subject, and we would therefore ad- 
vise the reader to provide himself with a few leuaes of various 
degrees of curvature, and consequently of various magnifying 
powers, and teat all the statements made in the text. He will 
thusBcqnire anch a practical knowledge of the action of lenaes 
as can be obtained in no other way. For this purpose the 
cheapest lenses are good enough. One or two cheap magni- 
fiers and a few glasses from old apectaeles will serve every pur- 
pose. The simplest methods of arranging such lenaea will be 
found in a note on a subsequent page, and although very ac- 
curately made toola are required for the construction of ser- 
viceable optical instruments, it will be found that a very 
large number of aimple but valuable experiments may be 
worked out with the aid of a few wooden rollers and a little 
paper and paste. 
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"While tbe magniEying power of lenaea depends nptjii their 
focalleDgth, thiaia torn depends upon the material of which 
the lena is made, and also upon the curvature given to its sur- 
faces. Leuaes of precisely the same form, and made respect- 
ively of diiimond, flint gluss, crown glass und Canada balsam 
would possess different magnifying powers; the diamond mag- 
nifying most, the flint glass nest, cromi glass nest, and Canada 
balasjn least of all. On the other band, of two lenses composed 
oE the same material, that which has the sharpest cnrrature to 
its surfaces will magnify most. Now, on reflection, it will be 
evident to even the least mathematical mind that lenses which 
have very sharp or qaivk curves must of necessity be small. 
Suppose the curve which bounds the flgare of a lens has a 
radius of hidf an inch, it is evident that the largest lens which 
coiitd be made witli this curve woiild be one inch in diameter, 
and then it would be a perfect ephere. Most lenses, however, 
resemble thin slices ofT the spheres, or in some cases two sach 
slices joined together, so that the diameter of the lens is in 
general greatly less than the radius of the curves which form 
its soifoce. Tlierefore, we see thab all lenses of high power are 
of necessity small, and when leusea are required of very high 
power they become so minute as to be handled only with great 
difficulty. Indeed, before the modem improvements in the 
microscope, many of the lenses used by scientitic men were 
nothing more than little globules of glass, brought to a ronnd 
form by fusion. 

We have made this lengthened explanation of a very simple 
matter because we have found amongst beginners in micro- 
BOOpy a very general idea that large lenses are the most power- 
fuL " Send me one of your largest and most powerful mag- 
nifiers," is an order with which every optician is familiar, and 
yet such an order containa a coutradiction in terms. A lens 
cannot possibly be large and magnify greatly at the same time. 

The Different Kinds of Microscopes.— Microscopes 

are divided into two classes — simple and compound — the dif- 
ference between them being purely optical, and not mechanical; 
. for a simple microscope may ba very complex and expensive, 
. vhile, on the other Land, a microscope may be compound and 
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yi!t contBin very few parts. TbuB tbo little vertical Frenoh 
microscopes, wbicli cost only $2.50, are compound, althougii 
very simple in coiiBtractiou, tvLile a Kimple miorosoope, if biu- 
oculsr, and provided with all desirable adjust meets, might be 
a very complicated affair. The diffetenoe between simple and 
compound microscopes is this: in the simple microscope wo 
look at the object directly, while in the couiponnd microscope 
■we look at a miignifled image of the object. In the simple 
microscope, objects are always seen in their natural position, 
while in the compound microscope they are inverted, and right 
becomes left, and left becomes rigbt. This makea it very diffi- 
onlt for beginners to work upon objects under the compound 
microscope; and hence simple microscopes ore almost always 
used for dissecting and botanizing. 

It is true tbat by adding more lenses, and making the instra- 
ment Blill more compound, we can again invert the image, and 
thus bring it back to its original and natural position, and 
almost all the very expensive microscopes are furnished with 
these extra leuaea arranged in a piece of accessory apimrutus 
technically known as an erector. The distinguishing feature of 
the compound microscope remains, however, the same. Certain 
forms of the microscope, in which concave lenses are substi- 
tuted for the usual convex form, also give erect images, but 
this does not affect the general truth of the statement just 

Simple microscopes frequently consist of more than one 
lens. Thus, in using the ordinary pocket magnifiers with two 
or three lenses, it is usual to employ all the lenses at once, look- 
ing at the object through two or three lenses at the same time 
when a high power is required. In tiiis case, however, the two 
or three lenses are placed close together and act in the same 
way as a single lens, with surfaces more sharply curved than 
those of any of the lenses forming the combination. Under 
such circumstances the image is not inverted, but if we now 
separate the lenses stifitciently, we will find that on again bring* 
ing the object into focus, the image is inverted and greatly 
enlarged. Moreover, it will be fonnd that the magnifying 
power may be greatly increased by increasing the distance be- 
tween the two lenses, and it will also be found that as the dia- 
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tanoe of the two lenses from eaeh other is iscreaaed, the dia- 
tance at which the oombiiiatioii ia plaoed from the object must 
be made less and vice -versa.* 

The early forms of the compound microscope consisted of 
little more than the two lenses we have ju5t described, but the 
modern instrument, even in its simplest form, is a vostlj more 
complicated arrangement. In tbe best forms, for tba lens nest 
the eye there is substituted on eye-piece consisting of two lenses 
with B, diaphragm between them, while the objective, or lensneit 
liie object, is composed of from four to ten different pieces of 
glass, forming two or more lenses, which are so arranged that 
each shall correct the defects oC the others, and this optical 
combination is mounted on a stand which is sometimes a mar- 
Tel of mechanical ingenuity. 

*Tbe Btadeci nbo posaesges a little mechaaicBlgeniiia and a. deeirs to 
beaome txpa-hnentall'j aoqaaiuted with tho properties of lenses and the 
(xiQslractioD of the microacopt-, noulil ilo veil to prucuie \ couple of cticsp 
lenses, aty one or half iuch focus, and one of abont two inahca fucus, and test 
by octBul trial tho Btalomontg made in the text. Such lenaea may bo con- 
Teniently arranj;ed in a, tube formed of writing paper and gummed on the 
e%Ga. All the moat important properties and defcolBoI leuaes maybe thas 
iilnBtratcd and studied. By means of a Uttleeitracare, two a uoh le uses, ar- 
ranged as we hata deaiiribed, in tubes blackened on tliBluaiiie, and mounted 
on a little wooden stand, the focua being adjuatedhy sliding the tube hold- 
ing tha lenses within another tabe, also of paper, will give not only a y^ry 
fair view of such objects as the wing of aBy, tbescalesonabntterflj'BWing, 
uid even the barbs on tlie stiog of a bee, but it will show the globnles of 
blood quite diatiuutly, and we have even given a very itit^restiiig ei 
tloo of the circulation of the blood in the foot of a frog by means 
temporary arrangement of this tund, which we pat together for tlie 
poae of explaining to a little girl tho construction of the mioroecopo. 
WDnlil not recommend any one to nse Bach a microacope for porpoai 
work or study, becanae the fallacies to which it may give rise art 
nnmtrous and too aerions. But any boy, or even girl, who will nndertake 
the canatraction of anch an inatrnment, cannot fail to obtain thereby an 
amount of information which the poruaal of volamea would not give, Ag 
hints towards aiding our young friends, we may remark that our tubea 
were made of the beat stiff paper, rolled up light and pasted only along 
the onter edge. The lenses wore secured in their places by being attached 
to the bottoms of pill-boiea, holes being punched through to admit 
IlKht. FiU-boiBB with holoa were also used for diaphragma to reduce the 
effects of aherration. Apiece of mirror reflected the light, and the aides 

old cigar bui funilBbed material for tha stand. FiflJ- i 
covered ail eipensea. 
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Easeatial Parts of the 01icro»cape.— When a. good 
lena in held aleadilj at a certain distance from an object wiiich 
is properly illuminated, this diatonoe depending upon the iaiia 
and material of the lens, we are enabled to see the object clearly 
and distinctly. When, however, this distance ia either in- 
creased or diminished, the object becomes blurred and indis- 
tinct. The point at which YiBion is most distinct is culled the 
focus* of the lens, and when we are able to aee it clearly the 
object ia said to be in focus; when the distance is either in- 
creased or diminished, it is said to be out <f focus. An object 
is said to be vilhin. the foous when the lena ia too near it, and 
beyond the focus nhen the lena is too far away. 

The performance of any lena depends greatly npon the ac- 
curacy with which it ia adjuated to the correct focal distance, 
and the ateadiuees with which it is held there. For all ordi- 
nary purposes, lenses which do not magnify more than ten 
diameters may be very conveniently held in the hand without 
any apecial moans of support; but when the power ia much 
greater than this, or where, a& in the compound instmment, 
the microscope is bulky and heavy, it becomes neceseary to use 
Bome mechanical contrivance which will hold the microscope 
ateadily in its position in relation to the object, otherwise the 
Tiew becomes indistiDCt. Thus a good lens, magnifying from 
thirty to forty diameters, will very readily show the individual 
coTpuEcles or globules in the blood of tlie frog, provided it is 
arranged on a steady support and accurately adjusted for focus. 
But if the leuB be merely held in the hand, without ony firm 
support, it will be impossible for the observer to see the 
corpuscles. 

Another important point is tlie illumination of the object. 
Unless the object be properly illuminated it cannot be dis- 



* It ia Bcaroel; neceBear;; to infnrm the reader that the focus described 
in the text is not preciselj the focus of tlie lenaiCuelf, but thefoouBuf a 
oonipound leuB of which the eye foriuB ohs elemeut. Ueuce the focal 
diBtante vnrjoa wilh diSbrenc ejot, and ea dnefl the apparent Bize of ob- 
jootB. To ahort-sigbled ponple objocts appear of Inrger aize than thej do 

perBooa of ordinary a.yo-Bigbt. In workiug wilh the coiii]iniiud micro- 
•oope we frequently Gnd that difforcnt people require a, difl'eretit focal 
Bdjuatment. 
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tinctly seen, rucI consequently all microscopes, except tte 
aimploat forma of hand magnifiera, are provided "witli means 
for throwing the light npon the object, and for regulatinB the 
Eunonnt which slmll either fall upon it or pass through it. 

Hence the importance of providing efficient means for ad- 
justing the focus and holding and illuminating the object, and 
the purpose which the staud is intended to fulfil, is to furnish 
these means in a compact and convenient form. Every micto- 
Gcope, therefore, of a grade above a hand magnifier, whether 
it be simple oi' compound, must possess : 

1. Suitable means for supporting the object, and placing and 
maintaining it in proper position. 

2. Means for illuminating the object, either by throwing the 
■ light npon it wLen it is opaque, or transmitfing the light 

through it when it is transparent. 

3. Means for transmitting to the eye an enlarged image of the 

The different parts which ai'e employed for securing these 

aevGiBl ends, have been constructed of an almost endless va- 

liety of forma, according to the fancies of the different maters 

and the requirements of different microscopiats. As it is im- 

I portaut that the student should familiarizo hiaiself with the 

aes of tlieee different parts, we give a definition of them, 

and in order that there may be no opportunity for mistake or 

I misapprehension, we have also engraved an outline of one of 

I the ordinary forms of the microscope, and on this we have 

marked the names of the different ports, 
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NAMES OP THE DIEFEKENT PAETS. 

The following are the names ot the essential parts of a com- 
I pound microscope of oi-dinary construction. The names of the 
rent parts of the simple microscope are the same as those 
I of the compound microscope, but the latter has several parts 
I vhich do not exist iu the former. 

The Stand is the name properly applied to the entire frame 

used for supporting and iUumiuatiug the object, and for carir- 

I ing and adjusting the optical part, the latter conaisting of the 
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eje-piece and the objective. Stands are frequently sold aepai-- 
ately, or fnmialied with eye-pieeeB only — the purchaser making 
such a selection of objectives and other accesBories, oa may best 
suit his special needs. 

The Base or J^oof is that part which supports the rest of the 

md objectives 



A DraiB'tube is a secondary body which receives the eje-piece, 
and elides within the main body like the draw of a telescope. 
It enables ns to increaae the distance between the eye-pieceand 
the objective, and thiia to chauge the magnifying power, aa 
explained in a previous paragraph. 

A Collar ia a short tube through which either the body, the 
draw-tube, or the eye-piece slides. 

The Arm ia that part which carries the body. 

The Stage is the plate upon which the object is placed tor 
examinatioB. 

Clips are springs attached to the stage for the purpose of 
holding in place the glaas slide or plate carrying the object. 

A Sub-slage is famished with some instraments. It is used 
for holding and centering variona meaua of illnmiaation. No 
sub-stage is shown in the diagram, Fig. 1. The sub-stage, with 
its centering arrangements, ia shown veiy clearly in the Boss 
model, Plato I. 

th a aub-stage, 
it is known as 
the polarizer. 



^^Kmmbo 
^^B The 
^^PStdaced 



_ fli'ii^.— Instead of being provided 
many cheap microscopes are furnished tvith ' 
.»8ub-sl<ige ritig or tube. This serves to recei 
-"imboloid, etc. 

The Object-Gliias or Objective is the lens or lenses which are 
_ laced next the object. The term Object-glass is sometimes 
applied to the glass plate or slide npon which the object is 
placed, but this use of the word is entirely wrong, and tends to 
produce confusion. 

The Sodeti/ Screw is a screw of a certain standard size for con- 
necting the objective to the body. In microscopes furnished 
with a screw of the Society's standard, the objectives of any- 
American or English maker may be used. The makers on the 
continent of Europe have now very generally adopted the So- 
.oiety Sciew. In tliia country the Society Screw has been uni- 
LTersally adopted, but as it has been found too small for low- 
objectives of wide angle, another screw, named the 
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Brood Gauge, is Eometimea naeit in addition to the Society i 
Screw. 

In all microscopes, means are proTiiled foi* moving the objec- 
tive to and fi'Om the object, so as to bring the latter into foots, 
as it is called. At^cording ae the device uned for this purpose 
acts coarsely but i^apidlj, ov clowly but delicately, it is called 
a (Varse of njiiut ac(jiistment. The best microscopes are provided 
with both kinds, no that the object is first brought approxi- 
mately, but rapidly, into focus by one, and then adjusted more 
slowly, bat with great accuracy, by the other. 

The Coane Atfjiislment has several forms. In Fig. 1 it consists 
of a rack and piaion. In some cases it is a chain movement; 
very often it is effect«d by merely sliding the body up and 
down through a tnbnlar collar by hand, as in Fig. 12. 

The Fiim A'ij'isltneiii usually consists of a fine screw, Homa- 
times colled, improperly, a micrometer screw, which moves either 
the entire body or the lower part of it, called the nose-piece. 
In some che&p stands, the fine adjustment is effei^ted by moving 
the stage towards the objective. 

The Noae-piece is a abort tube, which fits into the lower end 
of the body, and carries the Society screw at its lower end. 
Sometimes it is made to slide out and in, and thus forms part 
of the fine adjustment. In the instrument figured in the dia- 
gium, it iu immovable. The term nose-piece is also applied to 
certain u^cesaoriea which enable us to attach different pieces of 
apfMiratuB to the microscope, as, for eiample, two or more ob- 
jectives at one time, the analyzer of the polariscopB, etc. 

A Binphragm is usually a thin plate of metal pierced with a 
hole, the size of which regulates tlie diameter of the pencil of 
rays that pass through. Thei'e ia a diaphragm in the eye-piece 
which contracts the field of view, and cnts off those rays which 
tend to confuse the images, and all good microscopes have a dia- 
phragm attached to the stage, witereby the amount of light 
passing throagh the object to the objective may be regulated. 
Instead of a thin plate of mettd, an Arrangement known as the 
"Iris diaphragm" ia used in the microscope shown in the 

The R/e-piece or Oc^ar is the short brass tube, with its lenses, 
which is next the eye. The eye-piece contains an Ei/e-Glasa, 
which is that nest the eye ; a Pield-G!ass, plooed nest the 
objective, and a Dittphroffia, consisting of a bross plate with a 
hole through it, and so arranged as to cut off the ontsr rays of 
light. The tube in which these lenses are secured is in almost 
removable, and the best microscopes are famished 
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with several eye-pieces of different powers, which may be 
changed at pleasure. We may here remark thrft where a mi- 
croscope is furnished with several eye-pieces, the shortest eye- 
piece gives the greatest magnifying power. 

The Cap is a cover which fits over the top of the eye-piece. 
It is pierced with a hole, to allow the rays which pass through 
the instrument to reach the eye. This cap is sometimes covered 
with a second caj[), which has no hole, but which is intended 
to exclude dust from the eye-lens, and which is removed when 
the instniment is in use. 

The Mirror reflects the light, and causes it either to fall 
upon the object or to pass through it, so as to render it 
visible. 

The Mirror-har is a bar attached to the stand and carrying 
the miiTor. It is usually made to turn on a pivot, and in the 
microscope shown in Fig. 1, it consists of two parts sliding 
upon each other, so that it may be shortened or lengthened, as 
circumstances require. 

Accessories are those parts of the microscope which are used 
only for special i^urposes, such as the paraboloid, the camera 
lucida, stage forceps, etc. 

The Object is that which is subjected to examination. It is 
usually mounted upon 

A Slide, or plate of glass, which is laid upon the stage. 

All these parts will bo fully described in a subsequent part 
of this volume, and their utility and importance explained. Ifc 
is greatly to be desired that the young microscopist should 
familiarize himself with the terms employed, so that he may 
always use them accurately. Anything that he may say or 
write will then be clearly underatood by all who have given 
careful attention to the subject. 
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SIMPLE MICEOSCOPES. 



The eimple micioscope is &n indispensable assistant to tbosa l 
■wlio use tlie eomponnd instrumoct, as well as to tiioae who rely 
upon it aloDO for the QxamioatioQ ot flowei's, aeeds, ntiitemls, 
textile fabrics, etc. We shftll therefore devote Eome space to | 
a coDHiileiution of ita vaviona forms, though even then ire b1 
be unable to do moi'e thcin describe certain typical modela ' 
which, however, afford variety enough for all practical pur- i 



Hand Magniflers.— These are ao generally nsefal i 
applicable that they are naed by all who wiah a oheap and yet 
efficient aid to natural vision. They are fonnd in market ii 
great variety of forms, styles of mounting, and piice, and ace I 
too welt known to need minute description. Large lenses,, T 
magnifying two or three times, are mounted singly, and used 1 
chiefly for the examination of pictures, and as reading glast 
the Bmaller sizes of the same style serve for the examination of ' 
fins engravings. Veiy small lenses of considerable power, and ^ 
simply mounted in a frame, are also sold by most opticii 
They are known as " watch-charms," and magnify about fltteea ' 
diameters. We have also seen a very powerful mngniflet 
mounted in a little ring attached to a pair of eye-glasses. 

For the purpose ot the student and naturalist, a very ex- 
cellent form ia that shown in Fig. 2. It consists of a lens ol 
'suitable magnifying power set in a frame, which folds into a 
case, just aa the blade of a pocket knife folda into its handle, , 
thus allowing the instrument to be carried in the pocket w 
out liability to injmy. Simitar magnifiers are made with two, i 
three, and even four separate lenses, as shown in Fig. 3.* Tha I 
lenses are usually of different powers — a 2 inch, 1 inch, and A 
I inch, forming a very'useful combination. Each lens may ba I 
used separately, or two may ba naed together, or all three may 1 
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be naei at once, a cousiderulile range of magnifying po1^'eI 




Tbe magnifiers sliown in FignreB 2 and 3 are furaiBhed 
■with wliat are called diaphragms — that is to Bay, each one has a 
thin plate of some opaque material, haying nhole of anitablesize 
throngli its centre. This plate is placed over the lens when 




tut one lena is nsed, and between the lenses when two or more 
are employed. It serves to cut o£r the marginal rays which do 
not giTe a clear image, and in thia way it greatly improves Uie 
definition of the object. 

^Two or more lenses, properly adapted to each other, and need 
Htlier, give results greatly superior to anything that can be 
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obtained from b siugle lens, at least ho far as clearneBS andfl 
ftccnracj o( definition is concerned. But \rlLeii iised as a'vrork-T 
ing or diflsecting inicroacope, tlioy are open to tlie objectioitB 
that the distance at wUieli thej mnat be placed from the objecK^ 
is very small, and hence it is frequently inconTeuieut to nse 
them [or working upon objects. Thna, if we have a plano- 
convex lena of a quarter of an inch focus, and one of three 
quarters of an inch focofi, and place them at a dista^co of a eis- 
teenth of an inch from eacli other, we will have a very good 
magnifier which will enlarge objects about fifty times, but wa 
must place it at but a veiy short distance from the object If 
we separate the lenses a little, the definition will be improved, 
but the working distance, aa it is called, will be diminished. * 
Those nho have studied optics are quite familiar with theseil 
facts, bat the ordinary reader does not always think of them, M 
and jet they are very important when we come to choose a n 
ci'OBCope tox' working or dissecting purposes. 

Where two or more simple leases are used together (withont 1 
being combiaed so as to form a compound microscope) the 1 
Ijower of the combination is always equal to the i'ujB of tha I 
powers of the separate lenses. Thus if we have a lens of baU J 
on inch focus aad one of one inch focus, one magnifying tea J 
and the other twenty diameters, the resulting power ia thirty 1 
nod not two hundred times. Ia the compound microscope, o 
the .other hand, the combination of an objective magaifyinff.J 
twenty diameters with au eye-pieco magnifying ten diameters, ] 
gives s. magnifying power of two hundred diameters. 

WatcIi-SIakers' Eye- Glasses.— These are well known, I 
and may be obtaiaed of almost any power within the useful j 
range of o singe lena. They ai'B called " eye-glasses "' becaoao J 
when in use they ai'e held by the muscles around the orbit ot I 
the eye, and consequently requii'e no extraneoas support. "1 
Fig. i shows the bell-montlied form of the frame, which enables^ 
us to secure this result. The eye-glass ordinarily used by ¥ 
watch-makera magnifies abont eight times, but glosses magnify- I 
ing twenty diameters are not uncommon. Glosses of the latter I 
power are usually doublets, tliat is, they consist of two lenses, J 
arranged together, one being of much longer focus than the 1 
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" otlier. If veil made tliey give eseellent definition and a largD 
field, and, when mounted on a stand, ai-B very seryiceable as 
(li'ssedatff microscopes, especially in working upon course objects, 
and picking out shells, the larger foramiuifera, etc. Their 
form enablea us to support them by means of a smaU. wire 
ling, arranged as in a retort stood, and the large beil-moxifh of 
the frame prevents any light from entering the eye, except liinfc 
which has passed through the lens. Tliey are rery cheap, nnil 

I any intelHgeut boy can make a tolerable stand for one. Tko 
■une stand -will aniswer for several glasses of diffei'ent |Kiwers. 



F The eye-glass shown in Figure 4 ia a doublet, the front letia 
of which is set in a separate piece, shown in Figure 6. When 
the latter ia i-emoTed, tlie remaining part forms a very sei-vico- 
ahle low-power glass ; when both are used together, the com- 
bination forms an eicellent high-power magnifier. This form 
IB one made by the Bausch & Lomb Optical Co. 

Engravers' Glasses.— These ore mounted in frames, 
similar to that of the watch-makers' eyc-glaas, but as they are 
largei', and are therefore not so readily heldia the eye, after the 
fashion of the latter, they are always used with a stand of some 
kind- Those of tlie best quality are, in general, doublets, con- 
gating of two piano-convex lenses, and as they give a large 
leld of view, with very good definition, they are altogether the 
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Ijeat microscopes for pvntii inin g bank bills, flue engravings, and 1 
eimilnr.objecffi. The general form is shown in Fig, 6, 




liinen ProTera.— These 



veiy old form of the simple 



L 



mici'oscope, and being in vei-y general uae, they are manufflc- 
tnred in large qnaatitiea, while as it is necessary that they 
Bhonld be of good qttaiity they afTord an opportunity ol getting 
a good magniflcT at a moderate price. The general foriu 

shown iu Fig. 7, in which tlie instru-. | 
ment appears as in use. The nppet-k 
plate carries the lens, and the length of J 
the upright is such that when the base 1 
placed upon any Bat surface, that f 
sm'face will he iu focns. Tlie base i 
pierced with a hole one quarter of a 
[ inch sqnjre, and when placed on 
piece of cloth the lens enables ns f 
couot'tho number of threads which oo- I 
cupy that space. This indicates the J 
fineness of the fabric. 




Kg. 7. 



The Stanhope Lens consists of a cylinder or rod of I 
glass, one end of which is rounded so as to form a lens, whilfll 
the other end is either flat or slightly carved. The diatanoal 
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between the tens oiiil tlie flat snrfniie is exactly equal to tLe 
focal distance of the lens. Transparent objects. ehcIi as tLe 
icdles of insects, aniuiolculic iu water, etc., are simplj placed 
on tlie flat enrGM^e of tlie gluas cylinder, and n-Len looked at 
Ibrouglt it, tliej appear greatly niagnlfled. It is easdy used, 
but can not well be employeil os a working microscope. It is 
tbis kind of lens that is need in the conatraction of those iratclt 
charms in which a large pictore is seen on looking tlirongli a 
very small hole. The picture is a photogiapb attached to the 
flat end of a small glass I'od, the other end of the rod being 
formed into a lens of eiactly the right focal length required to 
sbow the pictui'e clearly and considerably magnilied. I*nses 
and photographs of this kind ai'e nsually moanted as miniature 
opera-glosees. 

The Stanhope lens seems to be a tarorite in France, where it 
is manutoctui-ed very estensively, and sold ander the name of 
the SCanhosc/>pe. Oneoilvantage claimed for it is that no adjnst- 
ment for focus ia required, the flat surface of the lens l)eiiig 



exactly in the focus of the curved surface. Tliis feature, while 
presenting some Blight advantages, has also tlie great disad- 
vant^fe that objecta covered with thin glass connot be ei- 
amined by such lenses, and neither can objects having a 
Qsible thickness. The feature which we hare just mentioned 
imitated in some cases by placing a piece of thin glass in 
iront of a small lens, and at such a distance that the outer sur- 
face of the thin glass will be exactly in focus, as is hereafter 
desciibed when speaking of the Craig microscope. 

There is one purpose, however, to which this form of lens is 
applied with good efieot, and that is to the construction of a 
" collecting lens " as it is called— that is, a lens for examining 
drops of water when searching for diatoms, algie, aniroalcule, 
;. 8 shows a lens of this kind made by Jaa. W. Queen 
t Co., of Philadelphia. The lens is set in a brass frame, pro- 
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billed 'witli a handle, and after & drop of »-at«r has been placed 
on the fiat surface rf the lena, the cap, c, is screwed on, and the 
object examined b^ simplj holding the inutmment np to the 
light. 

A vevj excellent collector's microscope will also be found de- 
Bcribeil amongst the compound inetmniouts. 

The Coddington Lens.— This lena wna devised by Sir 
David BrewHter, bnt having been made by a London optician 
for Mr. Coddington, it was called by his name, which has stack 
to it ever since. It consists of a Gvliailei' of glass, the two ends 
of whicL have l»en ground so as to form portions of the suiCace 
of the same sphere. A deep groove is cut around the cylinder, 
midway between the ends, aud a diaphi-agm is thua foimed 
between the two lenses. In Pigni'e 9 is shown a very neat 
and convenient method of mounting the Coddington. 

Tliis form of lens gives very iharp definition, so that ■when- 
ever a power greater than twenty diameters is reijnired for 
exami'iinr; objects, a Coddington, if well made, will be found to 
^^^^^^ be the best lens in use, always, of 

^^^^^H^^^n^b course, excepting the carefully 

^^^^^^^^V^V^^V coi'ected doable ts and triplets 

^^^^^H ^9^fe hereafter described. The prica 

■^^^B^^^l^^^ of the latter, however, ia in 
II^^HH^^^^k^l general four to eight times that 

^W^^^^^^^^^* of a good Coddington, Bnt it 

baa this defect, that the working 



focuB is very short, and therefore 
for a dissecting microscope a 
doublet is to be preferred. In using a Coddington lens, great 
cai-e must be taken to secure good illumiiialion of the object, 
and the shortness of the focus makes tliis diffienlt to those who 
have had no experience. 

Those who dosiro to acqaaini themselvea with the stmctura 
and peculiarities of the most important simple microscopes. 
will find this subject very fully and veiy clearly treated in the 
article contributed by Andrew Ross to the " Penny CyclopsBdia," 
published by the Society for the Difl'usion of Usefal Knowl- 
edge. This article has been republished in book form. 
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Achromatic Doublets nad Triple t^.—Maguifiei-s,' 
composed of two or more lenses, are to be had of two very 
distinct kiods. The lenses may either be aimply united ill one 
frame, withont aaj speeial adaptation to each other, or the in- 
strument may consist of two or more achromatic louses com- 
bined together in a fiseJ and accurately determined relation. 
Esamples of the former are found in the ordinary two and thi'ce 
lens magnifiers we have just described ; the latter are not eo 
common, siace they tire somewhat expensive when well made. 
They are known aa achromatio doublets and b'ipiets, and one 
maker in this country, Mr. ToUes, ot Boston, has long been 
noted for the excellence of the simple achromatic microBCopea 
of thLii class made by liim. 

The advantages possessed by'lenses of this kind are tUo larger 
field of view wlijch they give, thus enabling us to obtain a clear 
I view of objects of considerable size ; and the wonderfully in- 
creased sharpness of definition which they afford, owing to their 
I wide angular apertui'e. They are nsually mounted in the same 
I style as the Coddington [Fig. 9), but are readily distinguished 
' fi-ODi the latter by the absence of any diaphragm. The lenses 
of whieh these nutgnifiers are composed are so constructed and 
combined that the field is perfectly flat and well defined in all 
it8 parts, so that a diapliragm is not necessary. Mere oommou 
I lenses, put together so as to resemble these achromatic doublets, 
and without a diaphragm, would give such a misty view of ob- 
jects that they would be at once condemned. 

With the exception of the low and medium-power achromatio 
objectives used with the compound microscope, these doublets 
and triplets, when well made, aL'o altogether the most satisfac- 
tory simple microscopes iu use, and several firms now make a 
Bpecialty of their manufacture. Amongst others we may name 
the Eausch & Lomb Optical Company, Messrs. B. & J. Beck, 
Browning, whose magniflers of this kind are known na Platy- 
aa>pic lenses, and Steinheil, of Munich. 

To some it may appear that we have devoted more space to 
the simple microscope than its importauce demands. Our 
excuse is that simple microscopes,. of the different kinds we 
liave just described, are not in such gcnei'al use as they ought 
to be. This, however, seems to be the case even in France, the 
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coiiutrj of Raspail, nlio was the gieut advocate of tlio simple 
microscope, for ClievEilier, in his woik. saj3 : "It ia a matter of 
regret, £iom ft acieutifio poiut of view, tliat the simpls micro- 
aeope is not more eitensively used in France than it ia, becanae 
in minute dissections it is capable of rendering immense 



Twenly-flve cent Microscopes.— Before leaving this 
subject it m^j be well to saj a few words about those ver; cheap 
mioroBcopei which have bean ho exl^nsively advertised. We 
frequently sea ia the papers an advertisement iu which some 
person offers to seud for twenty-five cents a microscope which 
will show animalcnlea in WBt«r, gloliulesof blood etc., etc., and 
the questiou naturally arises, Are these microscopes good for 
anything, or is the advei'tisement a swiodle — the advertiser 
taking the moaey and sending nothiug in return? 

As a general rule, those who send to such advertisers, receive 
in return, a plate of brass or lead, with a glaas bead fastened 
in a hole in tbe centre. The glaas bead is formed by fusion and 
is frequently ground flut and polished ou the side by which it 

18 attached t J the tlircjd or tod of glass from whidi it was 
made, forming in such cases a hemispli erica! lens. Such 
ra very easily made by any one. Take a atrip of flint 
glass, such as a piece oE flint glass tubing, or a ]>iece of glass 
rod, draw it out to a thread iu the flame of a spirit lamp, 
fuse the end and allow it to gather into a drop. Give plenty of 
time aud a good strong heat, so that tbe surface of the little 
globe may become well-fused and truly round. The best re- 
sults are always obtained by holding the thread perpeudicuiurlj , 
as when held horizontally the globule is apt to become dis- 
torted. Make one or two dozen of these, and in separating 
them from the glass rod leave about an eighth of an iucU of 
the latter attached to each globule, to serve as a handle, in Ihe 

I next step of the process, which consists in inserting them to 
about half their depth ia a plate ot cement, consiating of 
shellac thickened with very dry and finely powdered pnmiee- 
Btone. To form such a wax plate, melt anme aheUac ia a bulle 
or large iron spoon, mis it. carefully with as much powdered 
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the &ie. Bill- well tintil it begins to stiSen, and then pour it out 
on n flat metal plate — the Burfaee of a smoothing iron answer- 
ing very well. Tlie pl*teo( oement should be from one-halt to 
three-quarters of an inch thick, and the Uttleglobuiesareeafiilj 
fastened into it by seizing them by the small handles left on 
them, holding them by a pmr of forceps in a, Jamp flame until 
they aro hot enough to melt the cement, auil then pressing 
them in to about hitlf their depth or a little more. When quite 
cold they will be very aecurely held. Ttie iittle handles, or tails, 
are now nipped off with a pair of onttin,'; pliers, and the glo- 
bules gruand all at once on a fine grindstone, or still better on 
a metal plate charged with emery. When they have been re- 
duced nearly to the surface of the plute of cement, they should 
be ground with emeiy of the finest kind, and as soon &a all 
coarse scratches haye been removed they should be polished oa 
a buff leather with crocus martis or putty powder. When tiuely 
polished they may be removed from the cement by means of a 
small chisel, and any oement that adheres may be dissolved off 
by meitns of alcohol. They are then mounted in thin plates of 
lead, brass, or, what isbetterstill, vulcanite. Out of twoduzea 
each globules, carefully made and well polished, three or four 
may be obtained that will give satisfactory definition, and it 
waa with such lenses that the early microscopists made many of 
their discoveries. These men, however, took great paius in 
making and polishing them, and rejected hundreds as uuHt for 
use. The objections to the microscopes of this kind, that itro 
ordinarily sold, are that they are budly made, and that good 
andbiid are sold together without any selection lieiiigesercised. 
But, even i( well made, they are very diffloiilt to nse, aad very 
unaatiafactory iu tlieir results, even in the haiuls of persons of 
grant skill TLe pulLsh of u fused sarfitce never eqimls that of 
a Burfuoe finely cut aud polished, as every huiisekeeper thut ia 
familiar with common, and with cut glass, very well knows. 
I The fosed siirfitce of these little globes is, therefore, always 
, moreor less, covered with strife or very minute ridges which 
I interfere with their defining powers, and we have described 
thus mi nntdy the process of tbeir manuEiicture, rather for tlio 
pnrposB of giving our readers such information as will enable 
them to understnod how they can be sold so cheaply, than in 
. tiie hope that they will endeavor to nmke them for themselvi a. , 



Penny MiTOscope§.— A few years ago a man in Lonclon 
made aliviug by Etilling through the Btreeta a microscope which 
wouldshow tlie eels in paste at|d vinegar, and of -wliioh the 
price was only one peuQj, (equal to two cents.) Tiiess micro- 
scopes were thusm-icle: In tlieliottomof ftpill-box he punched 
a Hmall hole and t'len blackeneil the inside of the liox. In tliis 
hole was placed a drop of Canada balsam or damar TamTsh, 
which was allowed to dry. When bard, the balsam farmed ■ 
very tolerable lens. 

A drop of water, balsam, or vamisli, laid on the nnder side 
of & slip of clear glass will often ennble us to extemporize a 
miorosQOiJe capable of doing gi>i)d service in the hiitida of a 
sk ill fnl observer. The outline of the drop shonld be perfectly 
round, and thegki^pkteshnnldbeheldaslevelaspossiljie. We 
Lave derived great assistunce from snch a lens, when better 
oould not be had. 

Tlie Craig Microscope.— Ibis microscope at one time 
attained an unprecedented degreti of popularity, not on account 
of its merits, but beoaufie of the esteusiTe puffing and adver- 
tising whioh it received. It consists of a vertical frame, some- 
what like tbftt of the cheap Prenoh microacopew, having a 
mirror, but no sliding tube, aatliereisnoocfasiuufur iitiy. The 
alide which holds tlie object is slipped through a liorizoutid slit 
cut in the stand, and the lens with it) frame is laid on it. 

The lens is a fused bead of glass set in a little frame, to the 
under side of which is attiiclied a thin plate of glass, whose 
lower surfuce is exiu;tly in the focus of the bead, so that when 
a drop of water or viuegiir is placed on the glass plnte, or such 
objects as insects' scales, wings, etc. , are laid on it, they are ei- 

Iantly in focus. Hence, this microscope is said to require no 
adjustment for focus. This is true when the olijetta to be ex- 
amined are actually in contact with the glass plate, but when 
we wish to examine objects that ure covered with thin glass (as 
nil valuable preparations should be) or objects having a. percep- 
tible thickness, it is imposnibte to adjust it for focus, and hence 
it is impossible to examine such objects satisfactorily. Besides 
this, nine-tenths of the microscopes of this pattern in market, 
are very badly made, and distort objects to such an extent that 
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one irlio biu been ckooastomed to eniploj a good microscope 
eannot recognize tUem. It bus unqiieslioniibly done a great 
great deal to impede tiie progress of microsuopj in this couutry, 
and we Iiiitb been led to give this extended description of it, 
cUieflj beeanse bo many eilitora and clergymen have pndsed it 
in the highest terms. It lias even been patented, although the 
principle npon which it ia constructed is very old; but then we 
must remember that under our present administration the 
patent office seems to be conducted lather for the disaataage- 
ment than the eiicouragement of progress and invention. We 
daily see patents isBtied for old and wortlilesB devices, wbile il 
is well-known that the author of a really meritorious inven- 
tion will have the hardest work to obtata protection. 

Of the Novelty, Globe, and other similar microsoopea, it is 
unnecessary to speak. In all the niiciosaopes of this kind that 
we have seen, the optical part is utterly worthless. The lensea 
are mere fused globules of glass, and they distort beyond recog- 
nition the image of any object. 

Slrange to say, however, even this fact has been used as an 
argument to Hell them. They have been sold chiefly by newa- 
deolera and etationera, and aa the purchasers did not know how 
any given object our)ht to appear, the fact that it looked so very 
different from what they expected was considered an evidence 
of the power of the microscope ! I 

In regard to all mioroacopea in which fused globuleaare 
used, it must be rempmbered that the lower the power of the 
lens the more apt it is to be imperfect. No lens of thia kind, 
magnilying from 100 to 150 times, (according to the eatimatea 
of those who deal in them, which, however, is in fact only from 
ten to twelve times, as measured by proper methods], can be 
good for anythiug. On the other hand, it must be borne in 
mind that when we attempt to examine objects under high 
powers, obtained by the nse of very small single lenaea, we 
snbjeol our eyes to an almost destructive stritin. 
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DISSECTTNO MTCROSCOPES. 

The term Dissecting Micrrmnpe is applied to all microscopea 
tised for working apoa objects under moderate iiiagnifj'ing 
powers. Tliej are used not only tor diBsecting, properly so 
called, but for the study of botany, mineralogy, etc., as well as 
for numerous investigations ia the arts. A good microscope of 
this kind is absolutely indispensable to those who hope to do 
more than merely look at objects prepared by others. 

For ordinaiy purposes of examination, tbe different magni- 
Gexs previously described serve very well when merely held ia 
tiie hand, bat their perfoimance is greatly improved when they 
ai'e mounted on appropriate stands, which not only enable us 
to adjust the focus with "great accuracy, but which hold the 
lens steadily in relation to the object, and thus prevent any 
necessity for that constant adjustment of the eye itself, which 
Biways occurs when a lens trembles, and which is so fatiguing 
and injurious to the sight. A complete dissecting micro- 
scope should, therefore, be furnished with stand, mirror, 
etc., and if the student can afford it, there should be some good 
mechauical means of adjusting the focus. The importaace of 
dissecting microscopes being generally recognized, even if the 
instruments themselves have not come into general use, nearly 
erevj manufacturer of microscojies lias devised a stand of his 
own, some of which are very complete, and as a consequence 
very expensive. We shall, tlieiefoi'e, rest content with de- 
scribing a few of the simpler forms. 

The microscopist can easily construct a dissecting microacopo 
for himself, by means of a cork and some wire, for whenever a 
piece of apparatus is to bo supported steadily, while at tba 
same time it is necessary that it should be easily moved and 
adjusted, nothing serves so well for a temporary expedient as a 
fine cork sliding on a smooth wire. Consequently a very 
serviceable stand for a simple microacope is easily estemporized 
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as foilowB; Procnre a good sound wino oork, and bore two 
lioles through it, the boles lieiag at right angles to each other, 
and to the asis of tlie cork. The holes shonlct be of the right 
size to Hlide eaBily, but hrmly, on a. wh'e rather more than the 
sixteenth of au inch in diameter. One piece of such wire is 
stuck perpendicularly in a wooden foot, and serves as a stand 
upon which the coi'k shdes up and down ; another piece of wire, 
having a ring at one end for holding the inagaiSer, is tln-ust 
thiongh the second bole in the cork, and is supported by it in 
a horizontal position. The horizontal wire should he so long 
that there will be no danger of injnry (o the eye or face from 
the upright wire. A piece of white paper makes the best 
mirror, as it gives aufflcieot illnmination witli low powers, and 
besides this, it diffuses the light very equally over the object. 
This, of course, is for use with transparent objects ; when 
opaque objects are under esamination a condensing lens muGt 
be employed. 

The Excelsior Microscope.— The accompanying en- 

graviug gives a very clear view of this microscope, which is 
constructed oa followsL 

e end of the lid of a small wooden case or box, is at- 
tached one of the ends of the box; and when the lid is reversed 
and tamed upside down, it may be shd into the groove which 
usually receives it, and Ihen forms a stand for the lensea and 
I stage, asis shown in engraving. The lenses and stage are 
supported by a steel rod, D, the lower end of wliich is hinged 
to the lid, so that it may be turned down and lie in a groove 
provided for it. When raised into the position shown iu the 
figure, it is held very securely ia place by means of the button, 
E; and this button also serves to retain it in the groove when 
it is tamed down. The glass stage, G, which is fitted into a 
frame of hard rubber, slides easily ou the stem, D, so as to be 
readily adjustable for focus, while at the same time it may be 
firmly fixed, by means of a set-screw, at any desired height, 
and will then serve as a stage for dissecting purposes. The 
frame which holds the lenses lits on to the top of the stem. A 
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stem is tlien trtraeil down and huld in ita groove by tiie bntton, 
E; the lid is drawn out ol the groove, tnrned over, and re- 
pliicsd so that the vertical piece (C) closes the open end of the 
box, and the whole thiugkpackedinto a compass which readily 
admits o£ ita being onrried in the vest po ket. 

The leiiHea are well made, aud being provided with a proper 
diaphragm, great clearness of definition is seonied. Two slT^les 
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of frame are Bold, one containing two, and tlio otlicr three 
lenses, the latter being altogelher the cheapest, in proportion 
to the power furnished. The magnifying powers are about as 
(oUowb: Witli the leua of longest foe lis, five diameters; with 
the lens of medium focus, eight diameters; with the lens of 
ahor test focus, feu diameters, When the lenses of shortest and 
medium foci are combined the niaguifjiug power ia about 
eighteen diameters; all three leuHes together give a power of 
twenty -five to thirty diameters. 

combination of two or more lenses, the lens of 
i^ortest focus should always be placed nearest to the object. 

As a dissecting microscope for botosical, entomological, aud 
physiological work, this iustrument is very efficient and con- 
venient. The glass plate is fitted into the stage bo as to- form 
,pabla of holding water, so that disaectiona may be 
carried on under that liquid, or nquatio animals may be kept 
aUve and examined at leisure. Tbe stage may also be turned, 
BO that the flat side will be up when ao desired, in wliich poai- 
it is most ooDTenient for soma purposes, such aa dissea- 
ntid the teasing out of tissues by means of needles. The 
.only serious defect in the Excelsior microscope is that it is not 
Wfflciently steady for ordinary work, the case which forms tlie 
foot being, for portability's sake, made quite small. 
Tliia difficulty is, however, easily remedied by screwing the 
case to a piece of pine board six inches long, four iuchea ^vide, 
and three-quarters of lui inch thick. A single small screw, 
which does not deface tbe iiiatrament, ia sufflcieut, and when 
the microscope ia to be carried in the pocket ib ia easily de- 
tached from its temporary stand. Its low price, $2.75, is a 
BtronK lecommendation. 

Kaspail's Micro scope.— This was the instrument so 

largely nsed by Easpail in his inyeatigations into the stmctura 

of plants, and baviug been fully described by lum, it Los been 

(■oiled by his name, though Chcva,lier tells na that it was really 

Imventod by Cuff, of Loudon, and ought to be called the Cuff 

licroecope. It consists of a pillar which sci-ews into the top 

'the box in which the whoU> iiistrnraont packs when themicro- 

ipe is not in use. This pillar can'ies the mirror, and also a 



flsed Btage. It is hollow, and in it slides a rod wliicli may be 
moved up and down by means of a rack aod piniou, so as 
adjust for focas. TLia rod carries a liorizontal arm, into o 
end of wliicli tbo lenaea fit, and the arm itself may be moved j 
back and forth across the top of the vertical rod, ao aa to bring J 
the lens over anj part of the object. The great objection .7 
to this microscope, aa usually constructed, is its want of I 
steadiness, and this is a vital defect. 



The Compact Dissecting Microscope— Those who 

) a reahy serviceable and substantial microscope for dis- 
tectinfj; purposes, will find that several manufactnrera have 
.■ecently endenvoied to supply the demand for an inati'ument , 







of this kind at a moderate price. We select one by the 
Arm timtnianufacturea the Excelsior Microscope — theBaDBch& 
Lomb Optical Co. It is called the "Compact Dissecting 
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Mounting Microscope,'* from the fact that it may be folded 
together so as to occupy very little space, and may then be 
l>acked in the case which contains the compound microscoiDe, 
or carried in its own little hoi. It is capable of receiving 
lenses of long focus, as the rod which carries the horizontal 
arm slides up and down in a tube upon which a rack is cut. 
This sliding movement serves for a coarse adjustment, the rack 
and pinion just mentioned serving for the fine adjustment. 
The mirror is hung with all necessary movements, and the arm 
which carries the lenses is provided with the Society screw, so 
that ordinai'y achromatic objectives may be used — thus saving 
the expense of extra lenses. 

The engraving fails to show an imj)ortant feature which is 
provided by the makers. This is a joint in the arm, which, in 
connection with the rotation that may be given to the rod to 
which the arm is attached, enables the operator to place the 
lens over any part of the prei)aration. We call this an im- 
portant feature, for we hold it to be essential to the convenient 
use of the dissecting microscope that the i^rei^aration should 
remain stationary and firm during the processes and operations 
to which it is subjected. This is just the reverse of what is 
found to be most convenient and efficient in the compound 
microscope. There the objective should be immoveable (hori- 
zontally), and the object should be adjusted to a proper posi- 
tion in relation to it. 

Bests for the arms, when using the dissecting microscope, are 
easily improvised out of books or blocks of wood. We i^refer, 
to anything else, good-sized blocks of wood, having the form of 
a wedge with the point cut off. They are clumsy, it is true, 
but veiy comfoi-table. Small rests may be fitted like wings to 
each side of the stage, and these are furnished at a slight extra 
cost by the makers of the microscope just described. 

Cheaper forms of this microscoi^e are also made. In these 
the instrument is not made to fold np, and there arc a few 
other points (not essential to the efficiency of the microscope) 
in which expense is avoided. But as improvements are being 
constantly introduced, those who require a good dissecting 
microscope should procure the catalogues of all the various 
deal3rs before they decide. 
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Binocular Dissecting Microscope*— The binocular 
principle, when applied to the dissecting microscope, is of the 
greatest value, as it enables us to estimate accurately the posi- 
tions, vertically, of the several parts, and we can thus direct 
needles, knives, scissors, etc., to the exact point that we wish to 
operate on with an accuracy that is impossible^ with the monocu- 
lar dissecting microscope. Nachet and Beck manufacture very 
excellent binocular dissecting microscopes, and the only thing 
to be regretted is that the price is necessarily somewhat high. 

PEINCIPAL FOEMS OF THE COMPOUND 

MICROSCOPE. • 

The variety of models, styles, or patterns which have been 
devised for the stands and for the general arrangement of com- 
pound microscopes, is almost infinite, and as they are con- 
tinually changing, it would be a hopeless task to attempt to 
give a description of all, or even of any large number of them. 
Fortunately, from motives of self-interest, the manufacturers of 
these instruments j^romptly publish full descrij^tions and en- 
gravings of new styles as soon as they bring them out, and 
therefore the best plan for those who desire to make a judicious 
selection, is to procure the catalogues of as many manufacturers 
as possible, and carefully compare the several advantages of the 
different forms. The addresses of all the prominent manufac- 
turers are published from year to year in the " Microscopist's 
Annual," a cheap little volume devoted to statistical informa- 
tion of this kind. 

Cbeap Foreign Stands.— A few years ago, the only 
stands attainable by those who could not afford an expensive 
article, were the cheap French and German microscoj^es. 
These were imported in large numbers by dealers in optical 
goods, and were distributed to different i^arts of the country 
through the agency of watchmakers, jewellers, booksellers, and 
those who dealt in spectacles and opera glasses, and conse- 
quently were ca^ec? "opticians." Fortunately the production 
of really good and cheap American microscopes has almost 
driven this class of instruments out of market, but as they are 
still to be found on sale, a few words in regard to them may be 
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,e of the moat uomuiou moJeb is tLat sliown in Fig. 

L 12. This form, olLliangL modern irlien compared witli the mioro- 

Iscopesof Ailams, Baker, etc... in one of the oldeat in use. It 

1 balicve, dsviacd hy WoUastou, aa a stauil for Ilia 

doublet, and was afterwarda modified bj FraTinholei", whose 

microscopes on this model nere almoat ideatical with that 

shown in the engraving. It is now too well known to need 

elalioMite description, and the smaller sizes are still sold ex- 

L tensiyelj- tor the use of ynung people. Being manufactured io 

I large qnautities, they are sold veiy cheaply, when the qtmlity 

\:0t the lenses ia taken into consideration. Therefore, until 

1 moaufactarer eoncenlrates his efforts upon the pi'Ddae~ 

tiou of the more convenient forma, and 

turns them out in very large numliers, 

the Tertical microscope will probably 

maintain its place in the market, and 

many beginnere will be led into buying 

an instrument wliicli, even in its must 

complete and perfect form, will almoat 

certainly be a source of dissatisfaction. 

Aside from any deficiencies wliich may 
exist in the optical parts of the iustru- 
ment. the objectious to this model are tlie 
small size and inconvenient form of the 
stage ; the fact that the microscope can bo ) 
Used only iu the vertical position, whicii, 
although occasionally very useful, is the 
worst position in wliich the instrument 
can l>e placed for protracted observations, 
and the arrangement of the mirror, which 
renders the proper management of the illu- 
mination impossible. Therefore, when- 
ever there is a possibility of choice, aomo 
form other than the vertical sliould be 
cbo&exi. 

Occasionally microscopes of this kind 
aro furnished witli achromatic objectiyas of 
pretty fair quality. In such onsea the ob- 
jectives .ind eye-pieces,' if they could be 
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applied to a better stau J, would be worth more than the whole 
microscope in its original form. 

There is, however, one very useful purpose to which cheap 
microscopes of this kind may be applied. They make a very 
convenient and efficient pocket microscope for collecting. The 
stand should be cut off above the mirror, the flat stage being 
left with enough of the tube adhering to it to give it stiffness. 
A drop of water being placed in a cell, and covered with thin 
glass, is laid on the stage and held there with the fingei-s. To 
illuminate the object the microscope is simply held up to the 
sky. Those who object to holding the slide with the fingers, 
can have a round plate of metal soldered to the under side of 
the stage, so as to make it even. Movable clips, made by 
bending a narrow strip of hard sheet brass, so that both legs are 
even, can then be slipped on so as press on the slide, and on 
the under side of the stage. Such a microscope is very light, 
and may be readily carried in a tubular pasteboard case, which 
any one can make. 

Setting aside these obsolete forms, as well as those models 
which have been devised for special purposes, we find that of 
the stands which are best suited to the i^urposes of the phy- 
sician, the naturalist, the student, and the family, there are four 
distinct styles, which may be distinguished as follows : The 
Ross, the Jackson, the Continental, and the New American 
models. In order to give the reader an idea of these different 
models, and to expltwn the advantages and disadvantages of 
each, we give engravings and such descriptions as will enable 
him to form some idea of the stand best suited to his special 
wants. In selecting illustrations of the different types, we have 
taken the cheaper forms in preference to the more perfect, but 
more expensive models ; and as our object is to describe the 
general features of the stands themselves, and not to detail the 
merits and jioint out the faults of those j)arts which may be 
easily changed or altered, we have omitted all description of 
diaphragms, eye-pieces, objectives, etc. 

Tlie Rosa Model.— The distinguishing characteristic of 
this model is the mode in which the body is supported. By re- 
ferring to Plate I, it will be seen that the body is attached at' 
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its lower end to a trauavei-Be aim, wliicL in turn is snppoi'lcd 

by a. Btont bar, which w moved np and down by means of a 

i rack and pinion. This movement conatitntea the caarae ud- 

[ jnstmeat, the fine movement being effected by means oF a lever 

' which ia concealed in the transverse bar, and acts upon tha 

So far aa mere questions of convenience and adaptability to 
different kinds of work is concerned, this model ia all that caa 
be desired, and as made bj Boss & Co., the woikmansbip is so 
perfect, and tbe finish so exqnisite, that it has long maintained 
ft high position in public favor. It has, therefore, had numerous 
imitators, and bas probably been copied more extensively than 
any other model in existence. At the recent Centennial Exhibi- 
tion there were microscopes on this moilel from the most widely 
scattered localities. Canada was represented by two micro- 
scopes made after this design. Unfortunately, however, this 
model is one of the very worst that a poor workman can 
attempt to imitate, for unless the workmansliip in far above the 
average, the results oi^e execrable. The reason foi*;thia is very 
obvious. The body, being supported only at the lower end, 
every vibration causes the upi)er end to swing through a com- 
paratively large arc, and hence any motion arising from loose- 
ness in the joints is multiplied a Imudred fold. And even when 
the joints are firm and without shake, any vibration communi- 
catad to the table on which the instrnmeut stands, is greatly 
increased in its eflecti when it reaches the upjjer end of 
the body. In addition to this, the unsupported part of the 
body acquires, bj each movement, a momentum which reacts 
powerfally on the lower part, and consequently on the ob- 

These defects have induced Messrs. Ross & Co. to biing ont 
new pattern designed after the Jackson model. This design 
>8 been carefully worked out by Mr. Weuham, and ia certainly 
very beautiful in apijearance, and vevy efficient and convenient 
Our readeiff will therefore bear in niiud, flmt all micro- 
scopes mode by Boss & Co., are not mode on the "Boss 
modeh" 
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The Jacfcsou Model.— Tlie spedal cLuractcriatic of tliis 
model lies in the fact thttt the " ways " of botli the coarse and 
fine movemenfs are brought aa cIoho aa possible to the optic axis 
of the instrumcut. In the Bobs moilel the coarae movement is at 
a considerable distance from this axis, and any lateral motion 
iviiich may take place on tbe sliding part is greatly magnified 
at tbe axis of tbe body — tbe tronL verse bar, wbicb suppoi'ts the 
latter, acting like tbe long arm at a lever to greatly multiply 
that which at flrst was very insignificant. Hence tbe advan- 
tages which the Jackson model presents are great HteaiUneus and 
the tact that, in common with the Eosh model, it affords abun- 
dant I'oom underneath tbe stage for those accessory methods of 
illumination which are injispeaaablc in tbe highest class o£ 
work. It is almost impossible to attach to the smaller pattema i 
of tbe Continental model a convenient sub-stage, carrying J 
polarizer, acbromatic condenser, 2>araboltiid, etc., while the ( 
model under consideration is specially designed to receive J 
these important accessones. 

This model is a very general favorite both with English, I 
anil American makere. Amongst the latter it has been adopted T 
as the best tor all fii'st-class stands. The engi'aving, Plate II, 
shows a very exaelleut form of this model, made by James W. 
Queen & Co. It will be seen tliat along a great part of Its 
length tbe body Is uttacbed to the rack-bar, aad this bar slides , 
on long wa;s, which give great steadiness and (leedom froin 
vibration. A special feature of this etaiid is tlie low position 
of the milled head for the fine adjustment. This enables the 
mloroscopist to rest the band on tlie table so as to avoid much 
of that slight but Imperceptible vibration wblcb the unsup- 
ported hand is apt to impart. 

The Contiuental Porni.— Most of the stands made by 1 
tbe better class of French, Gennaii, and Austrian microscope, I 
makera are characteiized by a low, compact form, and great 
solidity and simplicity of construction. Tliey are intended to. i 
be nsed cliiefly in a vertical position, and Lence the bodies. I 
are short, and the apace beneath the stage is contracted to tli4;r 
last degree. And as a low price ia an important feature in 
microscopes, tlie coarse movement is generally secured by J 
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Bimplj sliding tUe body tliiougli a tulie or collar. In the higlicr- 
priced Btaads the coorae movement is effecteil hy means of a 
latk and piiiiou, nn-anged a.i in llie " Jncksou " nioileJ, but in 
botli stjlea tlie fine movement is generally aiTanged in tlie 
place wliere the eoai'ae movement is located in the " "Rose " 
stand. These featnrea will be found to characterise the m.icio- 
Bcopes of Chevalier, Hartnaek, Nachet, Zeiss, and others. 

The teim "Continental" model has been applied by our- 
selves and others to any low, compact foi-m of microscope, but 
a du'eful E(nily of the subject LassatisfieJ us that this is not 
correct. The charaef^i's above -given are peculiar to what 
ongLt to be known as microscopew of the Continental model. 

The Continental moilel has some advantages on tbo score of 
convenience, and as large nnmbers of oiu' medical students 
liave been educated ti) its use, it has been such a favorite that 
many of our prominent makers Lave imitated it to a certain 
d^ree. For the ordinai'y work of the physician and the his- 
tologist, a Ion niicroacoi>e, which may be easily arranged for 
■work, and which may be used (■onveiiieiitiy in a vertiecd posi- 
tion, ia certainly desirable, but ullipr tonus, possessing the 
same advantages and without the objectiouable features of the 
Continental model, are now in maiket, and have taken their 
place. 

The oLjectiouB to the Continental model as a microscope for 
the higlier classes of work, arp the want of space below the 
stage lor illnmitiating accessories, and llie liability of the Sne 
movonient to get out of order. For it is obvious thut a very 
little wear on the " ways " or " slides " will allow the body to 
Lave considerable lateral motion, the distance of tlie "ways" 
fi'om the optic axis of the instrument being very great. Some 
of our American makei's, who Lave adopted this fine motion, 
liave gone so -far as to use Lard steel i>iiis sliding on hardened 
-ways OS guides, but with all their care lateral motion ensues 
alter a time. 

The New American Model.— The more general em- 
y ployment of objectives of wide angles of aperture, and of im- 
F proved methods of using them, have led American manufao- 
■a to introduce certain iuipvovements in stands of moderate 
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211'ice, and the stauJa niiicli emboil; lliese improvementa and 
modifications are so distinct tltat tliej form a class bj tliem- 
Bclves, whieli may bo dosienated tbc " Kew Americou ModeL' 
Kono of the individual featnTCs found in tliis model are aevr^ 
tlie moNt important of tliem Laving been embodied many years 
ago in tlie Koglieb patent of Gi'ubb, n'liile otLeiii ivei'e used long 
ago by Spencer in this country. But Gmbb'a invention, bo far 
as we know, never eamo into nse, and it was not until tbe year 
1875, tliat tbe importance of tbe improvements in c^nestion be- 
came generally recognized. Towards tbe close of tbat year, and 
tlie beginning of 18TG, four of .the prominent raicroecope makers 
of tbis coufitry, viz., Bulloch, Gundlacb, Tolles, and Zentmayer 
seem to have turned tbeir attention to tbe subject, and shoilly 
after brongbt out models on tbe new plan, tba Jisfiactive fea- 
tures of wbicb are tbe swinging of tbe mirror aiouod a centre 
'whicb lies in tbe plane of the object ; tbe combination of a 
swinging with a longitudinal movement in the sub-stage, and 
tbe use of a veiy thin stage. Prior to this time, in all tbo best 
microscopes of English and American make [at least as de- 
scribed in tbe catalogues of tbe dealers), tbe sub-stage was made 
to move only in tbo line of tbe optic axis of tbe instrument ; 
the American makers took a new departui'e, and tbe new model 
is the result. In its popular forms this model is characterized 
by great sinjjJicity in its norkiug parts, while at the same time, 
being provided with tiie very best means for adjusting and 
I'cgiHtering tbo illumination, it is a stand which is snfBcient for 
the highest class of work, CKcept, of couitie, in a few special 
de|)artmeut3. 

So far as our knowledge goes tliere are at present before tbe 
public fonr stands of eompaiatively low price, which may be 
relegated to tliis class. They are; The "Acme," of J. W. Queen 
& Co. ; tbe "Biological " of Bulloch ; tbe "Histological" of 
Zentmayer, and the "Investigator' of the Bauseb & Lomb 
Optical Company. Tbe large stands of tbe Banach & Lomb 
Optical Co., of Beck, Bulloch, Ross. ToUes, Zentmayer, an<l 
others, are of course quite as efficient as tbe small stands we 
named, but tbe price is gi'cater, and tbe convenieuce of 
the small stands, when used as working microscopes, is in tlieir 
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This principle ut arraoglnB tlie various parts to revolve round 
the objvcl as a. center, ae It were, was carried out In the moat 
complete raenner by Mr. Weoham In his oonoeotrlc model, a 
simplified form at which, a^ made by the Bauaoh & Loiab Oii- 
tical Co., le sbown la Plate VII. 

> The Biologloal Stand of Mr. Bullock is ahown In Plate III. 
It will be seen at onoe that this staiul is substantial aaJ firm 
in all its parts. Tbu coarso movement is Iiv rack and pinion, 
and the boily is supported, aa in the Jackson moJel, along 
nearly its entire length. The fino movement acts upon the 
entire body, the coarse movement included, so tbat the distance 
between tbe eye-pioco nod the objectiro is not affected bj it. ' 
The stage is thin, but substantial, and is so cut away at the 
well-lioie that ligLt of great obliciuity can be used. The stage- 
plate rotates in a ring, and may be clamiied wbeii necessary by 
means of the small screw seen in front. By loosening tliis 
screw tlie plate may be entirely removed, and tlien, wben the 
body stands nprigbt, a simple plate of glass may be nsed for n 
stage, and thus all danger of injury from acids In avoided. Tlie 
ring in wliicli the stogc-plate rotatoa is held in place by two 
capstan-beaded screws, and wben these are slacked it ia easy 
to adjust tlio stage so that it shall be concentric with the optic 
&siB. Tlic sub-stage ia arranged for adjustment in the same 
way. It ia adapted to carry the standard size accesaovies, and 
is furnished with an adapter which has tlie Society sercw, so 
that ordinary objectives may bo used as condensers. Mr. 
Snlloch also fninishcs a diaphragm at iieculiar form (shown in 
the engraving), which we have found very efficient, both with 
direct and obUquc light. The special feature of models of this 
class is, Iiowovcr, shown in the method of hanging the mirror 
and sab-stagc. These are attached to separate bars, which 
rotate an an axis, the plane of which is a little above the level 
of the stage. A stop is also provided, whereby Ihey may both 
be placed precwely in the lino of the optic axis. Both mirror 
■ and sub-stage may be moved towards the stage and from it, and 
the movements of both are entirely independent. The conse- 
quence is that the Torioua forms of illuminating apparatus hove 
f adjustment that cannot be obtained with the older 
models. 
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The instrumeut, as shown in the cut, is about two-fifths of 
the real size. When the draw-tube is out, the body has the 
standard length of ten inches, and it is furnished with the 
" broad-gauge " screw, to which is fitted an adapter carrying 
the standard Society screw. 

The first stand placed in market at a moderate price, and em- 
bodying the special features of the new American model, was 
the Histological stand of Mr. Zentmayer, which is shown in 
Plate rV. The base and uprights of this stand are one piece, 
of a peculiar shape, of great rigidity, to which the bell-metal 
bar is attached by a joint, allowing the use of the instrument at 
any angle of inclination ; the peri^endicular and horizontal po- 
sitions are indicated by stops. The coarse adjustment is by a 
rack and pinion, or in cheaper forms by a sliding tube. 

The fine adjustment is by a concealed lever, acted upon by a 
delicate screw, and moving the entire body, which is fitted 
to the grooved bar, giving a steady and delicate movement. 
The arrangement of the swinging sub-stage and mirrors is 
easily understood from the engraving. 

The removable sub-stage cames the diaphragms, which can 
be shifted up close to the object. 

The stage is a modification of the glass stage, and consists of 
a glass bar kept down by two spring clips, against which the 
object rests. By this method the object may be moved in the 
latitude, the longitudinal movement being accomj^lished by 
hand. The sj^ring clips may be used independently for hold- 
ing anything in a fixed position, by simply placing them in the 
extra holes provided for that pui-pose. 

The "Investigator" stand is. shown in Plate V, and also 
presents the sj^ecial features which wo have mentioned. The 
mirror-bar is swung so that its axis of motion lies in the plane 
of the object, and it carries the sub-stage, which may thus be 
inclined to any angle with the plane of the stage, or it may be 
brought entirely above the latter. The mirror is attached to 
the mirror-bar by means of a secondary bar, which thus permits 
the use of the mirror independently of the sub-stage, and both 
mirror and sub-stage may be moved to and from the object. 
The sub-stage may be removed entirely when desirable. 

In order to secure the convenience of the low Continental 
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model, tbis microscope is provided ■with /iPodraw-tiil^B, eliding 
yitkin tlie other, so that the body may be shortened as 
much as possible when desired. The first draw-tube lias the 
Society screw at the lower end, so that low-power objectives of 
very great working distance may be used ; and as, by means of 
the second draw, the dniiT-tube may bo made of the usnal 
standard length (ten inches), it may be used as the body for 
any objective, and quickly focnssed by sliding it in the outer 
tube, the same as in insti-uments without I'ock and pinion od- 
infitment^ The " broad-gauge " screw has becu added, so that 
low-power objectives of wide angle may be used to the greatest 
advantage. 

Clieaper StandB.~The stands which we have just de- 
scribed, are, of necessity, somewhat espensive, because, unless 
the workmanship is of tiie very best, the perforniance is quite 
un satisfactory ; and as a stand alone is of no use, au outflt 
■which includes such a stand is frequently beyond the means of 
students and others. To meet the wants of such persona, the 
vaiiouB manntacturera we have named, together with Klein, 
I Pike, Bciirauer, and otiiei*s, have brougiit out stands, whicb, 
I 'when complete, with case and objectives, are sold for about 
I the price of the stands wo have described. For the study of 
I elementary botany, histology, etc., many of these cheap micros 
I Bcopes answer a very good pui'pose. They enable us to follow 
[ the descriptions given in tlie books, and tbc view of any object 
I ■which we obtain from even the poorest of iliem, is infinitely 
1 better than any representation ■which can be given by an en- 
[ graving. The better class of these wicroscopcs answer well for 
ordinary puqioses of the physician, and, as they are simple 
I Mid easily iwcd, tliey are frequently jireferred to more ospenaive 
and more complicated instnimente. 

The Binocular Microscope.— More than two hnndi-ed 
years ago, attempts were made to constimct binocular mici'o- 
ecopes, and yet a good and efficient binocular is a thing of 
yesterday. The iirst really efficient binocidar microscope was 
constructed by Pix)f. Eiddell, of New Orleans, about the year 
1853, and to tliia fact Mr, Wenlmm has borne free and generous 
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toHtimony in a letter adtlreased to tliB English Mechanic. To 
Mr. Wenliam, himself, however, ia due the honor of having 
rtevised a form of the binocular which is at once efficient 
and of moderate price. Mr. Wenhnm's form has been adopted 
bj all the American and English mnkers that manufacture bi- 
uociilatB, and he baa, thei*cforc, laid aU microBCopiats under 
deep obligations, not only hj doyiBing snch simple and efficient 
moans of accomplishing a most desiral>le result, but by giving 
the Tiae of his invention freely to the world. 

Of the value of the binocular, there is a wide difference of 
opinion, some regarding it as a mere toy, altogether beneath 
notice as an instrument of scientific reseai-ch, while others con- 
sider it a most important addition to onr means of investiga- 
tion. Since, however, it will almost always be found that those 
who place a high value on the binoculor are those who have 
used it most, while those who decry it know absolutely nothing 
of its merits, and in some cnses are even ignorant of the man- 
ner of using it, the reader will have but little difBcultj in de- 
ciding on which side the truth lies. In England, where cheap 
and good binoculars are common, this form of instrument has 
become a gi'eat favorite with all the noted microscopists, and 
we refer not merely to men who own microscopes as a means of 
amusement, but to those, who, like Carpenter and othera. Lave 
enlarged the boundaries of knowledge by their reseai'clies. At 
pre«eut the binocular is gaining rapidly in favor in this country, 
and veiy excellent instruments ore now turned out by several 
of our American microscope mnkers. 

There are, of course, certain limits to the range of usefulness 
of the binocular microscope. As at present constnicted, it is 
most efficient in the use of the low powers, and bonce, there 
are certain cloaaes of work to which it is peculiarly applicable, 
while in other brnnchoB, particularly cei'tain departments of 
histology, it is of eomparaUvely slight advantage. And it will 
in general be found that the principal opposition to the binoc- 
ular has come from continental histologists, who, because they 
found it of litUc use to themselves, concluded that it could not 
possibly be of use to any one else. 

The advantages presented by binocular inatrumenta are two- 
fold ; the relief to the observer arising from the ability to nsa 
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is obtoined of nny ob- 
ject is HO much clearer and more reaJistic, that we at once per- 
ceive, by our mere sense of Tisioo, thoaa features which we would 
ofherwiae have to work out by tedious mental processea. It has 
been said by Home that the binocular is apt to exaggerate the 
atereoscopic effects, and give falsa viows. This is certainly not 
the case under ordinaiy circumstances, and we doubt much if 
it ever occurs. 

We have selected as an illnatration of the binocular miero- 
Bcope, one of moderate cost, which combines the binocular 
featare with those pecubaj to tlie new Amoi'ican model— the 
UniLed Btiitee Army Hospital Stand, mode by Zeutmayer of 
FhlUilelphio. The details of this stand have been worked out 
with special reference to Ibe use of objectives of blgli angles. 
Tlie subEtage, which carries the accessories and the plane and 
ooDcave mirrors, swings In the same manner as In the well- 
bnowa American Centennial Sta-nd of the same maker, having 
the object as Its center, even whan swung over the stage tor 
Illuminating opaque objects, thus making a. bull's-eye eon- 
denser unnecesaary. It Is provided wilh a graduated circle, 
not shown in the eogravlug, for regialerlng the degree of 
obliquity, and a stop to indicate when It is central with the 
main bodj. 

The binocular in general use, being that in whicli the Won- 
liam prism is used, consists of n main body through which the 
half of the rays transmitted by the objective pass directly to the 
eye-piece. In the figure (Plate VI) this body is the one neai-eet 
to the reader, ami connected with it is anolhei- body, tlirough 
which the other half of the rays pass — they Ijeing diverted in 
tLia direction by the prism, which, when iu.plaee, cuts the cone 
of rays from the objective in two. The frame which carries 
this prism is seen just above the point at which the objective is 
attachetl, and it is so arranged, that when desirable it may be 
drawn out, and thus the prism becomes inoperative, and the in- 
strument is practically converted into a monocular one. This 
is one of the important advantages which are peculiar to the 
Wenham [irlsm. In some recent forms of the binocular the 
entire flttiuya of the priam may be removed, so as not to Inter- 
fere with the wldo-angle lensee of low power. 



As eyes differ gi'eatlv ia tbeiu ilistance apart, tlie eye-pieces 
in tlie binocular are made Tariable in tliiS respect by being 
pnshed out or in, either hj a lever or a rack and pinion. As 
the bodies are not parnlle], but fona an angle with each other, 
it is eviilent that tho fnrtlier the eyQ-jiiecea are drawn out the 
n-idei' apart do they become. 

Binocular Eye-Piece.— A very valnable and efficient 

means of converting an ordinary monocular microscope into a 
binoctdar, has been devised by Mr. Tollea. The one whioh ive ' 
posBesa gives excellent resnlt* with objectives of higher power 
than those available with the Wenham prism as ordinaiily cou- 
etmcted, nnil it is greatly to be regretted that its high price 
(880) places it beyond the reach of tliose for whom this work 
ia chiefly intended. It !ib.i been copied estensively in Europe, 
but we believe that it is now definitely settled that the honor of 
the invention belongs to Mr. Tolles. 

The luTerted Microscope.— Some years ago, Professor 
J. Lawrence Smith devised a microscope specially adapted to 
chemical investigations. In this instrument the stage is placed 
over the objective, which is inverted, and the rays from the 
object, after being reflected tioarn tlirongh the objective, enter 
a prism, which so changes theii' direction that they pass up the 
body to the eye-iiiece, and thence to the eye of the observer. 
For very many investigations the inverted microscope is a very 
useful instrument. 

Liitbolosical IMicrOBC opes.— -The application of the 
microscope to petrology, or the study of rocks, has now become 
such an important df^partment of scientific researeii that micro- 
Bcopes specially adapted to this purpose are manufactured by 
several makers. These microscopes ])ossefl8 several very ii 
portant conveniences, which are almost indispensable for such 
work, but which the limits of the present volume forbid u 
describe at lengtlL 

Tlie Aqnariiuu Microscope.— Hie irapoi-tance of tha 
compound microaeope in the pxamination of small portions {in 
sit7'] of large objects, without any preparation whatever, has led 
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the constmctioii of microscopes consisting simply of a body 
iritli its adjustmeiits for focussing ttiTanged ou lie sim]>leBt 
.kind of a support — nsnally a rod and foot somewhat like s. re- 
tort stand. Such mioroacoirea Lave been used largelj- for esam- 
faiing objecta in aquaria, and hence the name. Thej are also 
.Applicable to the exominntion of writing, tho sheet of paper 
■fceing simplj spi'ead out on a table and tha microscope placed 
Cn it ; to the examinBition of poi±LDn8 of the snrface of the 
Jluman hodj in Tarious coses of skin disease, and, in short, to 
tiio examination of anT object ivliich cannot be convenientlj 
placed ou the atage of an ordioarj microscope. 

Microscopes for Special Purposes.— In addition to 

■■fiie microscopes ■which we hare described, some of wliioh have 

in devised with a p ! t certain particniar lines of 

ih, it often h 1 pe that microscope is needed tor a 

irngle purpose, and f th Thus, for example, in Ger- 

Mj, a few j'ears &„ m i were made and sold for the 

lie purpose of exam g flesh f r Irichinas. These micro- 

jTBiy simple, d wh their (]nality was considered, 

they were very cheap — the cheapness being due, in a great 

decree, to the fact that no provision had been mode for a 

lultiplicity of conveniences, which, in llie case of these special 

inatiumenta, wonld never be of any use. As the microscope 

tecomes more generally used, and tlie people at larga become 

thoroughly acquainted with the cxtraordinai'y aid ivhith 

it is capable, of rendering to those ivho are engaged in the arts, 

probable that the nimibersof tliese cheap microscopes will 

Eiase, in which case we may expect to see the price greatly 

fednced in proportion to the quality. 

Class" MicrOBCopes.— 'When a number of objects are 
to be shown to a class or to a scientific meeting, it is desirable 
to avoid the inconvenience arising from each individual Laving 
to go to the instrument, and this is unavoidable where ordinajy 
InicroBCopeB are used on fixed tables. Prof, Quekeft got over 
ifliiB difficulty by having his clasa-room or theatre fitted np with 
upon which the mierascopes with their lamps were passed 
. one to another, and where the company is small, the cora- 
jnon revolving table meets every requirement. But where the 
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class or meeting is large, tLo beat ilevice is tbat of Prof. ( 
Holmes, wliose elasa micioacope, 09 made liy Messrs. J. W. 
Qut^en & Co., is shown in Fignre 13, Tliis inatrament is of tlia 
Bimplest constraction, bo as to rednce tlie cost aa mncli aa 
poaaible, and it ia made largely of wooti, so aa to be light and 
easilj held in the hand. Tlie objects are ■viewed bj direct light, 
without the iutervcntion of a mirror. The lamji used is a flat- 
wicked one, the edge o( the wick being turned towards the 
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Fig. 13. 



object when high powers are used, and the Sat eide of the n 
wben the poivei-s ai-e low. 
1 For opaque objects, the lamp is raised to the top of its stand, 
and its rajs allowed to fall upon a small concave mirr 
tftched to the iron fi'ome by a universal joint, whence they are 
reflected upon the object. The coarse adjustment is effected by 
sliding the body through a short split tube, and the (me 
ment by means of a delicate screw, which acis on the 
The entire height of the instrument is abotit twelve inches, sizfl 
of baee twelve by four inches. 
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OBJECTIVES. 

Tlie modem componnd microscope owes almoet all its vnlae 
to the liigli degree of perfection wliich has been attained in the 
coustrnctioii of the objectives used with it. Sotue of the old 
microscope etands were quite as elaborate, and quite as costly, 
HE anything that can bo found in tho workshops of our modern 
opticians, but from tho fact that the objectives were defective, 
their value as instruments of research was of a very low degree. 
In these old microscopes even tlie highest power objectives were 
simply bits of ground glass, sucb aa witli our modern appliances 
might easily be produced for ten cents apiece, while a modem 
objective of tho samo power, by any of our first-class makers, 
wonld cost at least one hundred dollars. In mechanical exe- 
cution the modem objective approaches more nearly to theo- 
retical perCecliou than any other instrument made by man, but 
tlie reader must not infer from this, as some hfLvu done, that 
it hoB readied the limit of perfection, and that uotlung moi-e 
is to be expected. This was said ten, twenty, and thirty years 
ago, and in each case tho words had hardly been committed 
to paper before some optician proved their falsity by accom- 
plishing that which Lad just been declared to be impossible ! 
Within the past few yeai's the most wonderful improvements 
tavQ been effected, and from present indications it would seem 
that we ore on llie eve of titill more startling developments. 

Since, then, the objective is really the most impoitant part of 
ivery microscoi>e, seeing that the quality and trust worthinesH 
of the work done must depend to a very great extent upon its 
efficiency, it ia of some importance to the microscopist that he 
Bhonld have at least a fair underufanding of the causes to which 
the snperiority of modern objectives is due. 

When we use a simple gloss lens as an objective for a com- 
pound microscoiK), we find, on attempting to examine objects 
onderiJowers of more than one hundred diamotere, the following 
defects and difficulties ; The field of view is so dimly illuminated 
{hat objects are seen with difficulty ; the outlines of the different 
parts, instead of being sharp and clear, are thick and hazy ; 
' of the lines are fringed with brilliant colora. but colors 
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which do uot belong to the objec's, and fiaallj, if the oatlisea | 
o[ the object slioiild happen to be atrAight lines, and be knoirn 
to be aueli, it will ba tonad that they will apiwar to be curved 
and distorted. It is evident, therefore, that a simple lens □. 
not be nsed as an objoctive in ap; important work; its iadica- j 
tiona are unreliable, and the imagination is allowed full S' 
so that the eje is enabled to see whatever the mind desires I 
to see. 

The defeats which we have jnat detailed, and which are fonnd ] 
in every simple glum lens, whose snrfoiies are bounded with t 
cnrrea that are parts of oirolea, are largely due to what is called 
i'pherlc'il and cl/i;imiilic oberi-ittinit. As these terms are probably 
not familiar to many of our readers, we will give as full and 
simple an explanation of the subject as can bo done without 
the formal aid of mathematics. 

Splierical Aberration.— The enlarged image farmed at 
the focuB of any leus, and rendered visible on a screen or sheet, 
is produced in this way: The rays prooeediug from the object, 
and passing through the lens, are, by the action of the glass, 
bent from the path they would otherwise pursue. The object 
may of course be supposed to consist of an ioSmte number oE 
points, and from these points rays proceed iu every direc- 
tion, and consequently throngh every part of the lens. It the 
lens were perfect, all the raya from any one point would bo 
brought together at a second point uorrespoading with tlie 
first. Unfortunately, however, the ordinary lens does not do . 
' this; the central portions of tlie lens and the outer por- 
tions act differently; the one brings the raya to a focns at { 
a, point a little nearer to the lens than the other, and, c 
sequently, although we move the screen to a slightly greiti'I ' 
or less distance, we still get an image of about the sams 
degree of distinctness. It is obvious, therefore, that when 
placed at any distunce within certain limits, the screen will 
receive not one image, but a series of lui/ers of imagei 
were, and this consequently gives an indistinctness to tha 
resulting i range. 

Our readers will find no difficulty in thinking out this 
matter for themselves and when they have arrived at oleai 
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ideas upon the aabject, thej will see that apherical aber- 
ration is caused by the differeDce between the extent of the 
refraction proiliictd at different parts of the lens, uud this 
applies not oulj to all the rays proceeding from each in- 
dividnal point, but to the several penoila which proceed from 
different points. 

It IS evident that if some partfi of the lens bring the rays to a 
focus at a shorter distance than others, these parts mnst magnifj 
more, and such is in reality found to be the case. Gut if one 
part of an object is mognifled more than another, the image 
will be distorted, nndhence we have what is sometimes known as 
aberralion of form. This distortion is easily seen by esamming a 
piece of maalin with a magniler' of high power and large 
diameter. The threads in the centre of tlie field of view* will 
appear to be straight, while those at the outside will appear to 
be curved.! 

Chromatic Aberration.— This is a defect of ordinary 
or uncorrected lenaoa, whereby they not only act as magnifiers, 
bat as prisma, decomposing the liglit, and causing objects seen 
through them to appear with a fringe of color. Common band 
magnifying glasses, used in the ordinary way, do not exhibit 
this defect to a very marked degree, but wiien the images formed 
by lenses of this kind are again magnified, as ia done in the 
compound microscope or telescope, the color becomes very dis- 
agreeably perceptible. 
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fin ordmary lenses lad micToscopea, in which this defect ia not cor- 
teoled by tha gtrastors of the gUaasB themaelieB, the effects of apbeiici.1 
■berratioD axe lessened by cantracCing the field of view, so th&t only those 
part* at the object which are seen tbrongb the centra of the lena or objec- 
tive ate looked Sit. This coDtractionia uqaBlly effected by means of dia- 
phragms, or round pUtes of metal pierced with a ceutrai bole, which are 
soplacedaa to out off tbe rays which paa^ through the edge of the lens, 
audleave only thoae that are central. This plun, however, is only the 
mbititation of oun defect for another, for by lesaemng the field of view of 
the Ihds, wa are preveu ted from seeing more tbao a very small portion of 
the object, and in addition to this tlie liRbt is so mach reduced that tbo 
inly with very great dilBcalty, and not at all cleuly. 
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Corrected Objectives. — The defeota vhich we haye ]ust 
described have been tUe chief difficulties in the way of perfect- 
ing both the microscope aod the teleecope. la the case of t!i6 
latter, however, it was long ago found that very excelleut re- 
sults could be obt'Lined bj forming the lenaes of two or more 
pieces of glass of dlSiireiit kinds, und numeTOua attempts were 
made to apply the same principles to the coustruotion of the 
microacope, but without marked success. The small lemes 
used for the microscope seemed to defy tbe skill of the practi- 
cal opticionB of those days, and resort was had to such devices 
OS leases made of precious stones, and the use of light wliich 
could uot be decomposed — mjuio-cjiromtiiic light ofi it was 
called, or light of one color-. Such light is readily proaured by 
the combnstion of alcohol mixed with oommoii suit, aUd when 
illuminated solely by such a light, a brilliantly colored painting 
looks exactly like a plain black and white engraving. But 
although the use of such a light lessens the evils cmsed by 
chromatic aberration, they introduce another which is quite 
serious — objects which are really colored, appear in black and 
white only. Moreover, suoh a light cannot easily be obtained 
of a brilliancy sufficient to afford good illumination, and in 
addition to this all the defects due to spherical aberration still 
remain in foil force. 

The first attempts mode to perfect the object-glasses of micro- 
scopes, consisted in the use of doublets and triplets, it having 
been found that the spherical aberration is greatly lessened, 
when the total refraction is divided up amongst several surfaces 
of moderate curvature, instead of one surface in wliioh the curva- 
ture is eioessive, iind this plan is still pursued in the construc- 
tion of what are known as French triplets, which will be de- 
scribed hereafter. About the year 1829, however. Mi. J. J. 
Lister, of London, England, published an elaborate paper 
upon the subject, and it was from the principles laid down in 
this paper, that all the important improvements in the modern 
objective took their rise. These priuciples were embodied in 
the practieal construction of objectives by Andrew Ross, who 
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modsni objectdve, for althongli great improvementa have been 
made witliiu the past few years, it is npoa the results of their 
labors that those improvementa have been bisej. Auil yet, 
uotwitbattindiug this well-known fiiet, the names of tliese 
distill guiahed uicrascopiHts are not so much as mentioned 
a this conneotioQ in the recent work of Dr. Frej, which has 
been lately translated into English, and eitensivoly circulated 
in this countrj I 

lu estimating the qttalitj of an objective, there are certain 
featnres to which eapccial attention must be given, Aaida 
frommagnifyingpower, which, of cjurae, cannot be regarded aa 
affecting the 9Mu2i2y of an objective, tliese points are: 1. De&n- 
iug power; 2. Achromatism; B. Freedom from aberration 
of form; 4. Flatiieas of field; 6. Augular aperture; 6. Feue- 
' tratioi:; 7. Working distance.* 

Defining Power.— This is undonbtedly the moat impor- 
tant quality to be sought for in objectives. A ghuss that is 
deficient in this point is absolutt^ly worthless. Waut of de- 
fining power is shown by a general haziaoss and thickening of 
the outlines, together with a want of clearness in the details. 
I from the presence of either spherical or chromatic 

ithora of fljn Micrograpliio Diutionary cnnrtierala Ibe following 

points as IhOBB in whlrh object-gliBMB liiffL'r from each other: 1. Magni- 

^ing powei'. 2. Defining powtr. 3. Penelr^ling poner. 4. Their cor- 

e adiptBtiona. The rnnctiODB allribnled 1o " dtfiuing pan'tT"ai'e 

Line M tliuae given by olhtr wriiets; "penelrating power" aecma to 

I ba eqniralent to nliat is generally called "leeolviLg poner;" "corii-t'live 

I •dipwtion" Is merely lliBpreaenceot ameaua of adjaBting fOrthictniea 

of gUaa cover. Frey dialingnialies two Bttributeaot object-giaascB, viz., 

' defluing power, and peii<^t»ting or resolving power— peue I rating pnwor 

and resoMog power Ijcliig considered by him 1o be the same ibiug. 

Carpenter eiinmcralea four diatinot ntliibutei of objecl-glaasca, viz., 

" (1) Dining power, or tbe power of giving a clear Hud dieiiuct imago of 

&]1 well mackci] fen tares of an olijeet, eapmitlly of ita bouiiiianea; (2} its 

f pfiiti)-ail"g po'cei' or fi/eal deplk, by nbich thu obaorver Is Enabled lo look 

i'hio the Btraetnre ot objeota; (3) ita reaolsiiig power, by which it etiaUea 

ftalaii'ly appnnlmtted mifkiiiga to bu rluiJiiKuialitd; and (4) the Jliltieee 

t Uie flie/4 "bieii it gives." We cannot regard auy of ihcas cluaiiBca- 

.B, as atricliy loKical. Beaie niiikes no formal atatemeut, hot gives 

in very exoelloat practical direutioua in regard to Uia leleotion of ob- 

fe|MtlTel, 
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aberration, or both. It migUt be oauseil b; a, ivant of finish on 
the snrfaces of the lenses, but this is seldom the case in prac- 
tice, except nuere the objective Las been exposed to some oor- 
toding fumes or liquids. Old objectives that have been very 
excellent ia their daj, sometimes fitil in defining power, from 
the fact that the surface becomes covered with a greas; deposit, 
very slight, it is true, but just enough to destroy the efficiency 
of the glass. Objectivea in this condition abould be returned 
to the muliera to be cleaned. lu one case we found that in a 
lens which failed to show anything clearly, the diPflculty arose 
from the fact that the cement used for uniting the glasses of 
the oombination Lad become ofiected. The objective was by a 
well'known maker, but was over twenty years old 

AcbromatiBin.— When an objective shows much color, it 
fails to defiue well except by monochromatic light, such aa that 
obtained by passing sunlight through a cell filled with the blue 
solution of copper in ammonia. A very slight degree of color 
is not regarded aa objectionable, and indeed it has been found 
almost impossible to secure the requisite angular aperture and 
absence of spLetieal aberration witLout leaving a little goIut. 
Some of the best objectivea, therefore, show such objects as 
the J', anguhitum with decided colors, and yet well resolved. 

Aberration of Form.— An objective may appear to de- 
fine an object perfectly, and yet give a vary distorted figure of 
it, just as » cylindrical mirror gives a perfectly definite, tLougli 
very distorted, image of objects seen refiected in it. Aberra- 
tion of form may arise either from over or under correction ol 
the spherical aberration, or from want of homogeniety in the 
glass used for making the lenses, or from a want of perfection 
iu tlie worktnansbip — tlie surfaces of the lenses not being per- 
fectly spherical. Bonietimes this defect is shown very clearly 
on one side of an objective, while the other side is not afiected, 
and this fact may give rise to very curious results wheu tbe 
objective is tried on different stands, and with oblique light. 
Owing to a variiLtion in tbe paint at which the screw threads 
begin in the different atandg, the objective, when fairly screwed 
up, may have a different position in eacii, as regards the diieotion 
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from wbich the illumination c 
an objective T'-iiah may gire 
uiny full ou iiuoUier. Au easy way of testing tUia Sunt, is liy 
means of a rotating adapter. OF course tke best teat for uber- 
r..tioii cif form 13 tha arttGciul stur, though in the hands of the 
beginner, a micro meter, ruled into squnres, ia probably t a 
moat tLviLilatde test. Any trace of the d>:fcot under cimiiiilei- 
ation niil be sho^n by the lines being otirvcd. 

When the lines appesTOiirred, from the fact thst the sphericitl 
aberration bus not been properly corrected, the iia.tiire of thu 
error miiy be determined us follows: Wlien tbe micrometer 
llnea are widuttt ap.trt at tlie centre (like the lines on a map of a 
hemisphere) the spherical aberration haa been over-corrected. 
It is under-Qorrecte J when, the reverse is tike oaae. 

Aberration of form is one of the worst faults with whicli a 
lensoan be affected, and experience has shown us that it ia the 
one which is least apt to be detected by a beginner. An objec- 
tive may give a "beautiful" image, and yet be wortldesa 
because affected with this defect. 



Flatneas of Field.— If, wben we examine a perfeoUy fldt 
object, uvery part included in the field of view ia clearly iu 
focoB, the olijective is said to liave a JhiC finld. Want of Biit- 
nesa of field it s'io\vn by some partti of a flitt objiict being 
clear and well-defined, wliile other pirta are out of fooua. In 
general it happens t lat where this diitect exists, Iho centi-e aiid 
ciroamferenee of the objective do not act together. 

Angular Aperture.— This subject haa given rise in some 
of the most vexatious qaestiona connected with microscopy, lur 
a discussion of whicli we must refer our readera to the pages of 
the microscopical journals published during the past few years. 
The views wbichhave been promulgated by the two achoola into 
whioli mioroBOopiste have been divided on the questions afi'trct- 
ing angular aperture. Lave been of an extremely opposite 
nature, and few scientific disputes Lave been waged with move 
bitternesa and peraonaltties than that which has lieen called the 
"Battle of the High and Low Angles." Now that the smoke 
baa in a mea^are cleared away, and that we are able to take a 
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of tlie attual results wJii::h Lave been attained, there 

tor doubting that tlie wide angles have gained the 

all llie most iuipoi'taut poinU. Iq a sabseqaent 

shall give our view in regard to the circumstBnoes 
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which ought to iuflnence the beginner in the selection of ob- 
jectivee d high or low angles ; at present we shall confine oni- 
selves to a Jiscnsaion of what angular aperture is, and its 
influence upon the working qiuUities of the objective. 

The reader who Tvill carefullv look over the pages of the 
microscoiiie joiu'iiiils piibliMheil iluiing the last few ji 
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IirobabJy find tLat amongst tlie eombatanta even the definition 
of aDgular aperture seems to be un decided, bU of wliicli is, of 
course, Teij puzzling to a. beginner. "We do not propose to 
ileiiide tliis veseii question, but tlie following statement will, 
ive hope, enable our readers to form a clear idea of what tlie 
older writers meant by Ibis term. 

It was Dr. Goring, we believe, that first pointed out the 
special advantagea ot high angles, and snggestad tlie use of 
test objects, and the figures on the preceding page were used by 
Lim to define and explain what lie meant by angnlar aperture. 

lu these figures, LL and L'L' are Iwo leases of the same 
magnifying power, bnt different angidar apertures. It will be 
seen that the cone of rays proceeiling from O, is substantially 
the same as tbat from O', but that the iens L L takes in a larger 
part of the cone from 0, than the lens 1/ L' docs of the cone 
from 0'. TIio angles LOL and L' O'L' are the respective 
iS of the angular apertures ot the two lenses. 

The definition ot angular ajiei-ture, 
given by Goring, has been followed 
by all Hubsequent writers, the ac- 
companying figure being that need 
by Dr. Carpenter tor the purpose ot 
explaining and defining the same 
thing. In this figure Ihe compound 
lenses, 1, 2 and 3, are parts ot an 
achromatic objective without its 
brass mounting. The line, a c, is 
the front ot the objective, and 6 is 
the object. In this case the angle, 
a d c, is the angle ot aperture, and it 
is evident that if a c had been made 
of a larger diameter, or it the curva- 
> tnres of the lenses, 1, 2 and 3, had been such that the distance 
a from b had been lessened, the angle, a h c, would have 
been increased. The points that we have mentioned as govern- 
ing the angular aperture are in geneml confrolled by the 
character ot the glaaa used, and by the formula (as regards 
curves, distance, etc.) employed by the optician, and he cannot 
deviate from them without an entire change of design, 
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to see theae lioea, it ia neceasarj that the 
atand be a good one, and tliiit Iba ligLt . 
bo ■very caretully managfil, but, e 
with the mnst perfect arranBemeuta 
dinarily nseil, ire cannot, with such 
objective, difCoveFBiniiiaimurkitigsnpoii I 
the PleuTosiyma Aagulalnnt, nlLliough 
they exist therein grout per EectioD. But 
if for the French eixlh we substitnte a 
fltat-oloES objei'tive of less tlma half its 
magnifjing power, but of wider angular 
apertnre, we ahnli be able tu see the Hues | 
quite distinctly. We have now before ui 
on objectiTe of four ton tha of an inch | 
focus, wliich does not correct for thick- 
ness of cover, bnt which, with any ordi- 
nary thiclsnesBof coveriuggluaa, ia capa- 
ble of resolving Ihe lines on the Aiiffu- 
hitiim perfectly, and we have seeu objeo 
tivea of even lower nwgnifjing power ] 
-which would iiccompliah tUe same tiling. 
That tlie effect depends here chiefly 
upon lingular aptrliire, was shown very j 
clearly by Dr. Goring, from whose work 
we take the following flgiirt'8, engraved 
from Hsven drawings ahowing the ap- 
jjearances presented by the saile of a 
butterfly's wing, viewed with the same 
magnifyingpowers, but different angular 
apertures, A well corrected lena of wide 
aperture showed the scale as in G^ re- 
ducing the aperture, while nil else re- : 
mained the same, the appLtariinco was as 
shown in F, and by anci'esaivo reduc- 
tionB the stages shown in E, D, C, B | 
and A, -were reached. The slightest es- I 
amination ahowslhat featares wliich were 
quil« distinct under a high angle, became 
invisibla when the angle waareduced. 
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Thi-i qnalitj of objectives of large flnglea, whereby they 
are capable of allowing distinctly delicate lines or dots placed 
very doaely together, is iiicma asresohi'iff po'cer. In the early 
dflys of mieroaeopj, it M-aH called penetrating poteer, the term 
penefrniin^haviDgbetn applied to that qaoli^of the telescope 
byvrhichit is enabled to show separately the iudividnal stars 
ol which tlie nebiiTffl are composed. In the telescope this was 
Bnpjrosecl tu depend upon space-penetraling poicer as diatin- 
gnislicd from mere magiiiCying power, and this spaoo-penetrat- 
iDg powec was fouud to depend vejy largely upon angnlar sper- 
trjre, lu the ease of the microscope, however, it is now gonc- 
raily agreed that what was called penetrating power in the 
telescope, shall be calied resolving power, while to the term 
penetrating poni'r an entirely different meajiing has been given. 

Mere resolving power, however, or the power of showing 
separately lines pUced very closely together, is not the only 
valoable feature of well-corrected object-glasses of high angles. 
Tkej show delicate lines and fibres, and enable us to make out 
differences of structare which are entirely invisible to lenses 
of low angles. Thus, for esample, it has been found during 
recent tescurclies, that the delicate flagella of certain monads 
enn be seeu perteeLly with high angle lenses, while with very 
excellent gluases of low angular aperture they are quite invis- 
ible. The same fact, probably, holds true in regard to the ulti- 
mate fibres of nerves and similar objects. 

The researches of Lister and Boas formed, as wo have just 
stated, thefirstgreatstepio the direction of better correction and 
increased angular aperture. Whereas, 40" to 65° bad previously 
been regarded as very high angles, even in objectives of the 
shortest focal distance, Boss, in his objectives, soon attained 
an aperture of 132'^ to 135° and, working with the glass at that 
itime available, this was pronounced the highest attainable 
luigle. Attempts had previously been made to obtain a higher 
angle by tiie use of the glass which Faraday devised for optical 
pnrposes, and which is in fact a borate of lead. But this com- 
ponnd is so, easily turuished and disintegrated, that it was 
found impructicable lo use it. It happened, however, that 
a yoong American bacbwoodsman, Cliorles A. Spencer, of 
Canostoto, N. X, a graduate of Hamilton College, had hia 
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attention calleil to tliis subject, anil after careful atnily he con- 
clQiled that if lie. conld on\j proi^nre & durable glass of greater 
refracting povrcr tlian tliat ordinarilj attainable, the ongxilor 
aportnre might bo greatly increased. He at once went to wort, 
■ aail after many cspcrimontE he snccooded in pro*lncing a glaaa 
wliich enabled him to attain immediately an angular apertnre 
of 14G^ As early as 1857 he had produced a l-12th with an 
OQgutai aperture of 178°. His objoetivoa ha<l corresponding ei- 
cellence in other directions, and from, that time forward this 
conntry has been noted for the excellence of its objectives, and 
especially for their great resolving power. We may note, in 
passing, thot glass of great rcfractivo power, combined with 
aufBcient haixlness and dnrnbility, is now produced as a regular 
article of ci 



f^ ^^ Penetrating Poorer.— As previously stated, i>eneti'ating 

Ji ' power, in the early liays of microscojiy, meant precisely what is 
ji y now understood by resolving power. Kow, however^^eactra- 

^ AT ting power is usnally understood to raenn the extent to which 

■\^ I an object-glass showa the depth or thielincsa of an object'J It 

py I is obvious that such a result can only be produced by the lens 
showing several layers of images, all of which ore equally ir 

^^^ focuN, and coiisaqnentiy equally visible at the same time. Ii 

^^^L other words, instead of bringing only one given point sharply 

^^^B to a focns, the lens, which ha'j great penetrating power, will 

^^^H bring several other points lying above anil below this point 

^^^H equally to a focus. Hence, as Dr. Felletan well observes in 

^^^1 worlc, " Le Microscope " " From a purely theoretical point 

^^^H of view, an objective with ])eDetration is in reality a defective 

^^^B As this subject is one of great importance, we have intro- 

^^^1 duced the two engravings, Figures 18 and 19, for the purpose 

^^^B ol making it clear to our readers. In Figure 18 we jiave shown 

^^^^ a small lens of half-incli focus, and with a very narrow angle. 

^^^^ Figure ID shows a lens of the same focal length, but with an 

^^^1 angle of 90°. The points at which the lines a c and & c in Fig. 

^^^1 18, ando'c' and b' C in Fig. 19 cross each other, are the i-espec- 

^^^B tive foci of the two lenses at tlio centre of the field of view. 

^^^1 AorosB the points where the lines a c and h r, and a! d and h' d 
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is, ■we Lave (Lrawn three lines, ivLitli maj be supposed to 
represent rcBi)ectivcly three layers of cells in a section mounted 
for mictoscopicnl examination. If the reader ■wiU examine tlie 
relation of these lines to the croaaing lines in Fig, 18, he will 
fiod that the lines a cand b c coincide completelj between the 
I Tipper and under lines, and even outside of them, forming, in 
P fiict, a single line. In Figure 19, on the other hand, it ia only 
the middle line that posses through the point at which thelinea 
coincide ; nt the ]ioint where the up))er and lower lines pass, 
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Fig, IS. 




I the lines, a' n* and fi' c', have already aejiarated to such an extent 
^ as to foi-m distinct linos. It we regard the lines, n b, b c and 
I o' b', b' <f, as i-aya of hght, it is oyident that wliilo thoae in Fig. 
I 18 will form images of iho upper and lower lines, those in Fig. 
1 19 cannot do so.* 

Until within a few years it has been accepted, as a thoroughly 

t demonstrated fact, that penetrating and resoUingpower always, 

r 4j^ neeessili/, exist in inverse ratio to each other, for it ia always 

found that, other things being equal, resolving power increases 

with the angle of aperture, while penetrating power decreases. 

Of late, however, it has been claimed that certain lenses 

of great resolving power possess considerable penetrating 

LjKrwer. 

•ThoBa who wishtoeiaininBtliis subject more olmely, would do well 
~ \t an article on " Ponetration in Ubjectives," by Dr. Qeo, E. 
m, published in tbe American Jounad of Wcnncopf, Tor Julj, 
L 1S80, and tbe discneeions which fallow in succeeding numba re. 
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In attempting to reacli a Bound conclusion on tbia point, it 
l| mnat be borna in mind thatj resolving power does not depend 
^hoRy upon angular aperturoj Two objectivea of the same 
angle may liavo vary different powers of resolntion, on. ftocount 
of the degree of perfection to wliicli the coiTSctions hove been 
earned, and it is quito possible that a lens of great resolving 
power may hnve a lower angle than another olijective which 
It eioela in tliis lespect. In this case tlie lena of gi'eateat resolv- 
ing power mighi also have the great^eat penetration. Wo confess, 
however, that we cannot see how great penetration can bo com- . 
bined with veiy high angular aperture, and in thia view we be- 
lieve that we nie in accord with tlie niajority of onr best micro- 
acopists. Want of penetration Una been urged against objoc- 
tivea of high angnlar aperture as a serious defeirt in many in- 
vestigations in Listolc^y and natui-al hintory. The advocates 
of iiigli anglos claim that the best way to avoid this diiBciilly 
is to use objectives of less magnifying power, and to combine 
them with high eye-pieces. It is claimed that in this way the 
same ampliflcatiou and penetration may be obtftiued ns with 
low-angled objectives, and with greatly increased distinctness 
and improved defini tion. 

Wliei-6 atereoBCOpia effect is required liy means of the ordin- 
ary binocular, low-angled olijectives give better results than 
those of higher angle — one reason for this being that the 
corrections of such objectives are not so easily disturbed as 
those of the othei's. But it is a curious fact that low-power 
objectives of high angle, when used monocularly lor examining 
opaque objects, frequently give an impression of eterooscopio 
effect which is startling. We feel certain, that no one that Loa 
his attention once called to tliia point can ever forget it. 

The late Henry J. Clark, in an ailicle contributed by him to 
I Silliman's Journal, many years ago, suggested another meaning 
for the term " penetration " ia objectives. He referred ^o the 
power which objectives of high angle and perfect correction 
have of posing through and ignoring, a-t it were, the vwious 
layers of cells or other elements which lie above the special 
Inyer in focns, which latter, wLen seen by a high-angle leas, is 
clear and distinct, while all the others ore invisible, Mr. Stod- 
der, who has recalled jaj attention to thin ai'ticle, which I had 
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p'lead many yeom ago but had forgotten, auggesla tlmt tliie ha 
called the penelralion of high migles in contradiBtinetion to tLe 
penetration of low angles us underatood by Dr. Carpentor. 
Prey, and others. Where the latter kind of penetration obtaini', 
all the layers are visible at once, as y/o liaye previously 
explained. 
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WorlUng Distance.— Conaidered aa a quality of an ob- 

■tivo, worii'iff dUiance is tlie distance between the front Ions 

ind llic olijent, and it ia this distance, and this only, which can 

L forming an eatimata of the quality of auy given ob- 

legards this particular feature. In pi'octioe, this 

[stance is diminished by the amount of metal used in setting, 

hiuh projects in front of the lenses, and also by the thickness 

if the cover glass. It is evident, however, that these are mere 

accidental circumstances which can be readily changed, and 

■which haTO nothing whatever to do with the quality of the oli- 

jociive as regavds its optical characteristics. Some writers 

Lave defined working distance to be the space between tlio 

front of the lens and the npper surface of the cover glass : but 

■ery cvidont that if we accept this definition we can no 

iDgar regard " working distance " as a ijualityof the olijeutis-e, 

objective which might be notable for its great working 

:istanee with ordinary cover glasses, wonld have no working 

[istnnce at all if very .thick covers were used. 

To avoiit this difficulty, tho tenu fronl-U (lislante has been 
introilncod, and is used by some vtriteiB to signify the quality 
Iiei'etofore recognized as working distance. But since the teiTU 
"working distance" has obtained a firm footUold in micrO' 
Bcopical literature, as expressing an irnporlanl qualiii/ or/eatiire 
qf objeclives, we cannot see how any other meaning can be at- 
tached 'to it than that given above. 

Working distance ia a very important feature in all lenses, 
and good working distance is specially valuable to beglnnei's. 
There are many objectives in market that liave to bo brought 
ao close to the object that ordinary coveiing glass cannot be 
lised, and even with the thinnest glass, the distance between 
llie objective and the object is such that great skill and care are 
[uired to avoid accidents. Such objectives do excellent work 



in the lionils of experionccil niicroscopistB, but Iieginners will 
find it difficult to nsa lliem. Oljjoctives of very liigli angulur 
Aperture Iiave in general very sliort working distances, but there 
are great differences in thia roapoct amongst tho products of 
different makers. Working distance does not depend npon 
angular aperture alone. 

Immersion aad " Ilomogencoua " Lenses.— Ob- 
jectives which require a drop of liquid between the front tens 
and the covering-glaaa of the object, are iiow in common ubb, 
and have been deservedly received with geneiitl favor. The 
liquid employed serves two important purposes. In the first 
* place, it pailially extinguishes two of the ghx»> surfaces (the 

front surface of the objective and the upper surface of the 
covering-glasB), and thus it prevents, to a eonsiderable extent, 

I the loss of light wliieh always occurs at thene aur&ceN ; and in 
the second place, it enables the objective to gather np raya 
which otlierwise would pass outside of it. In tJie ordinary ii 
mersion objective, water is the liquid which is used, tind ita ' 
action will lie readily undei-stood from an inspection of the i 
accompanying diagram, wliei-e c is the front of the objective; I 
y is the cover-gloss ; £ the space between the front lenB anil I 




; o the objet't, and o o' a ray of liglit proceeding 
from that object. It ia obvious that when the space, E, ia 
filled with air, the ray, o d, after passing through the cover- 
glass antl BTiffering refraction within it, will, on emerging, pass 
on in a direction parallel to its original path, and so will pnrsue 
I the line, / d. and pass outside of the objectiTe. But if the 
(■ ipace, E, be filled with water, it will take the course I c, and so 
p will enter tho front lens. 

It is evident that it a fluid of greater refracting power than 
water were used, the reenlt would be still more marked. This 
oonsi deration led to the use of glycerine instead of water, witlt 
notably good resnlts, and flnoUy lenses have been constructed 
in which a liquid of the same refractive and diapersive power, 
aa the glass of the thin cover, is used, an 1 sncl lenses are known 
BH " ohjectivcs of homogeneona imme ■a on o for short, 
igencona objectives " — the word hoa og fo if, meaning '/ 
le kind, and applying to the liq d and the co er-glass, 
jnmerson fluid, perfectly homogeneona n th the cover- 
f^glasB, would evidently obviate all neeess ty fo what s known 
OB "cover correction," pro \ided certain other conditions in tho 
mounting of the object and the construction of the microscope 
always remained the same, and most of the objectives made by 
Zeiss on the homogeneous system have no such coiToction. 
But since a difference in the qnolity or thickness of the me- 
dinm in which tho object is mounted, or a difference in the 
length ot the tube or body of the microscope used with 
the objective, gives rise to serious diMturbances, American '^ 
makers have preferred to make their best homogeneous ob- 
jectives "adjuHlable," as it is called ; that ia, provided with the 
usual means for cover correction. 

It is a general impression that immersion objectives are more 
diffioult to use than dry ones ; such is not the case, however. 
Immersion objectives, with the same degree of effort and skill, 
give finer results than diy objectives of the same power, though 
of coni'se for the ordinary rapid work of searching for known 
objects, dry lenses are to be preferred as being less trouble- 
some, for it is undeniable that it is some trouble to apply the 
lean the lens, and also the cover, and where a lai'ge 
observatioos are to be made, even trifling delays 



must bo conaidereil. Some makers have eadeavored to avoid 
this difflcultj by suppljing double fronts (a wet and a dry) to 
tlieic objectives, while otliers liaye constructed objectives wliich 
work either wet or diy, accoi-ding as the arrangement used lor 
the ordinary coTer-odjustment ia set to the one or the other. 

I>ene System a —Duplex Fronls. — Formerly the t«rm 
" system " was applied only to the entire com hi nation forming 
the objectire, and we had "immersion systems," "correction 
systems," etc. At present the word is used also to denote the 
individual combinations of two or more pieces of glass, which, 
when arranged together, form the whole olijective, aa will be 
understood from Fig. 16, where 1, 2 and 3 form the separate - 
systems, each composed of two pieces of gloss. Such a 
binaUon (the figure of which is, of course, only diagramatic] is 
said to form a three-system lens. Tery low powers, formed of ' 
two achromatic lenses, are said to be two-system ; four ci 
binations, four-system, etc. 

Some years ago, Mr. Tolles brought out objectives of remark- 
able power, which wei'e known as "duplex fronts," or "four- 
system objectives. These objectives were so called because a 
second lens (nearly hemispherical) was added to the front com- 
bination, and this additional lens, added to the thi'ee oh'eady 
in use, made a four-system arrangement. 

Frencli Triplets.— A few years ago these objectives were 
used, quite extensively. They are so called because they ori- 
ginated in the country after which they are named, while to 
further distinguish between them ami objectives conatmeted 
according to the principles laid down by Lister, the latter were 
known as the Miglish iona. Good makers of the English form 
are now found in the United States, France, Germany, Austria, 
and Italy ; and the French pattern is made in many of the 
cities of Europe outside of France, although as yet neither the 
English nor the American opticians have been able to manu- 
facture them at prices which can compete with those of 
continental Europe. The best of the so-called French ob- 
jectives consist simply of lenses in which the chromatic aber- 
ration is corrected by the usual jilan of making eaok lans 
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of two diSetent kiuda of gluss, wLile the aplierical abenatiou 
IB corrected partly by tlie form of the lena, but chiefly by re- 
duciDg the aperture, and by properly combining a series of 
Bingla lenses, which, however, are never especially adjusted to 
each other, as iq the English forms. Each objective, in ita 
most perfect coaditioo, consists of three lenses screwed to- 
gether, and in the lower powers these lenses may be separated 
and used eitber singly or in combinations of two or three. As 
the magnifying power obtained with two lenseH is less than 
that obtained by three, the defects of the double combination 
are not as obvious as thej would be if the mognifyiiig power 
were equal to that of the triple combination. As, however, the 
spherical aberration in the case of a single lens, whether it be a 
plain lens or an achromatic combination, is always greater than 
that of a doublet, and the abeiTation in the doublet greater 
than that in the triplet, it is never a good plan to attempt to 
obtain a low or moderate power by sepiirating the lenses ol a 
high power objective, aud using them singly or in twos. Any 
person Laving a few French objectives at hand who will try this 
and attempt to secure the same mRguif jiug power by the use of 
two lenses, and also by the use of three, the latter being a regu- 
larly adjusted combination, 'will find that the results obtained 
by the use of the latter are far snperior to those afforded by the 
former.* 

Considering their quality, these French objectives are re- 
markably cheap. Thus a Trench No. 2, which is nearly equiv- 
alent to the one-fourth objective of the English and American 
optidans, can be bought for $5, while the cheapest student's 
objective of tliia power would cost at least double that sum. lu 
addition to this, the French objective may be divided so as to 
afford two other objectives of about three-quarters and one 
inch each, and although the pertormnuce of these isfar inferior 
to English or American objectives of the same power, they are 

*Iii iDsMug BQch I trial, It is, uf course. nef^esasFy vt nsu Icubgh of equnl 

quality in both caaea, slnca the quality of tlie piofeseeillj utbiomatia 

' French objectivea in market variea vcr; niiicli. We bars lecn objectivea 

I of thlaclaaa of tho Btuao msKUifylig power, onn oF whitb would not roaolvs 

the markings on the Bcaleaof tbe clnlbi'a-tiiutli'a viiig, nliila tba other 

I would reaolvo the Pleia-aaigma ISalticum. 



csapftble ff showiDg a great iliail that ia iDtefeating anil inBtmo- 
tive. Ten or twelve years ago tlieae lenses itere tlie oDly ones 
fnrnislied with microscopt'a cisting leas thiiti S50, n.nd iu the 
Tery obeap inatruroenta tlie diffareut powers were always 
obtained by tlie diviaioa t'f oue doublet or triijlot, whicli 
waa tliuB made to jield two or three difftireut objectiTeB. 
Those, however, who eiiunot afi'ord American objec lives, and who 
wish to do work tliat is of aome real value, are advised never to 
aeparate their objectives, or at least never to separate any bnt 
the very lowest — that ia the Ho. 1, nncl ngaiuat even tbia 
we would protest were it not for the fact thut cheap lenses 
of lower power than the hiilf-inch are seldom ionnd in market; 
and therefore, uo other coiirse except tbe division ot a. No. 1 
ia left to us wheu we wish to nae a lens of lower poi^er. But 
this system of dividing ia often curried too fur, and we find toi- 
croBCOpes in mnrket which are furnished with No. 2 or No. 
3 objectives wiiich are divided when lower powers are needed. 
This ia decidedly wrong. If apowerlowerthanNo. Ibeneoded, 
it may be admissible to divide this number, becanse this ia iu 
general the only course left lo us, Bnt a. No. 2 should never 
be divided for the purpose of obtaining an obje'Otive equivalent 
to a, No. 1. 

The value of the numbers assigned to the different French ob- 
jectiveH varies according to the fancy of the maker, but tliose 
of the better class usually found in market are aliout as follows : 

Nnnibcr 1 2 3 i B 6 

Cun-espondmg tucat ia parts of an inch 1-2 l-l 1-6 1-8 1-10 t-iSi 

Frey, in his recent work on the mifwisi: p.i. regards the 
English system, whereby tbe fooiia is expre^sfd iu inches, as 
"peculiar." It certainly is " peculiarly " definite and positive, 
instead of being indelinite and arbitrary, as ia the system ' 
adopted by the French and Gennan opticians. According to 
the English and American systems, an olijeotive of an inch 
focus ought to be the same, uo matter by what maker it has 
Iteen oonsinicted, but wheu designated after the plan which 
Frey Betms to prefer, it is impossibie to tell what the focus of 
the lens may be, and consequently what its power is. Thus — 
B. No. 2 of Nachet has a focns of half an inch, while a No. 
2 of Hartnack has a focns of one incb, aud a No. 2 of the 
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ordinary French objectives is about a quarter of an inch in 
focal length. As it is often useful to the microscopist to know 
the powers of the different objectives made by prominent con- 
tinental makers, we give the focal lengths of the objectives of 
Nachet, Hartnack, and Gundlach, premising, however, that 
by so doing we by no means intend to class these objectives 
with ordinary French triplets. 
Naohet's ordinary objectives are as follows: 

Number 12 3 4 5 

Focus in inches 2 1 1-2 1-4 1-5 1-8 

The immersion and correction objectives of the same maker 
are as follows: 

Nmnber 6 7 8 9 10 11 12 

Focua in inches 1-10 1-14 1-15 1-20 1-30 1-40 1-50 

Hartnack's objectives of recent construction are as follows: 

Namber 123456789 

Focus in inches. ... 2 1 3-4 1-2 1-4 1-5 1-6 1-9 1-11 

Hartnack's new objectives with immersion and correction are 
as follows: 



No. 
9. 
10. 
11. 
12. 
13. 



Focus in inches. 

1-12 

1-16 

1-18 

1-21 

1-25 



No. 

14 

15. 

16. 

17. 

18.. 



Focus in inches. 

1-28 

1-33 

. ... 1-40 

1-45 

1-50 



The following is Gundlach's scale: 



No. 

I. 

II. 

III. 

IV. 

V. 



Focus in inches. 

1 

1-2 

1-3 

1-4 

1-8 



No. 
Via 
VI&. 
Vila 
Vllb. 
VIII , 
IX 



Focus in inches. 

1-12 

1-12 

1-16 

1-16 

1-24 

1-32 



Via and Vila are not adjustable for thickness of cover, 
while Ylb and YUb are. Vila, VII6, VIII and IX are immer- 
sion lenses. 
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Testing ObJectiTe§.— At first sight it would seem to be 
the easieet thing in tha world to teat an objective, and find out 
-whetUsromot it is c.tpitble u! doing certain work, but a little 
eipetienoe aooa teuolies those who are not too eelf -conceited, 
that it is the easiest tiling in the world to be deceived. We 
have seen those who considered themselves the most capable 
of judges, condemn lenses that Imd received the approbation of 
the ablest mictoscopists in the world — lenses too that had shown 
their efficiency by duiog really good work; showing that < 
those who consider themselves very expert, may sometimes a, 
at wrong oonclnsions. If this is the case, then, with i 
training and experience, how can a beginner, who has bad iio 
experience, hope to be able to forca a correct judgment in re- 
gard to the quality of an objective ? 

Bnt while it is difficult, or perhaps impossible, to pronounce 
a positive opinion in regard to the quality of an objective, 
especially those made for some of the higher departments of 
microscopic work, it is in general easy for those who have hail 
experience, to form a judgment in regard to ordinary objectb 
or at least those designed for ordinary purposes. The ability 
to form such a judgment depends rather upon experience and 
a comparison with the work of other glasses than upon a 
ence to any special standard; and therefore, as a general rule, 
we would advisdbegianers who are about to purchase olgectivea, 
to obtain the advice and assistance of some skilful friend. 
To those who cannot obtain such assistance, wa offer the follow- 
ing hints. 

The great difficulty in the way of arriving at a decision ii 
regard to the quality of au objective, is the want of a standaril 
with which to judge its performance. When we i 
image which an objective gives of any object, itis very difficult 
to decide whether or not that image truly represents the ob- 
ject. Take, for example, the podura scale: wide differences of 
opinion exist as to its structure, and how it ought to look; sup- 
pose, then, that two objectives show entirely different appear- 
ances of this object, who shall decide which one is correct ? 
And if, even in the case of expert microscopists, this holds 
tme absolutely, which it does, how shall a beginner determine 
tbatthe images which he sees through an objective are true i 
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false ? In 8om3 departments, the most earnest and loag-ooii' 
tinue<l disouaaioaa have been maiutiiined in regard to the bc- 
ouracy oriaaoonracj of oertain images as Been by professioaal 
mioroHcopififs, and, etrange to say, tliose disputea affect the 
very testa most commonly naed, viz., the Podura Bcale and the 
test diatoms. 

Majcers of objectiveB, and skilful microscopiata, being aware 
of the fallaeiea which beset examinntioiia of thia kind, reaort to 
oertoiu artificial standards of which the constraction is poai- 
tirely known, and which should therefore give appearances 
conforming to this known stmcture. Nameroua tests of 
this kind have been suggested, ])ut the only ones generally 
accepted are the artificial star* aud ruled glass platea. Of the 
latter, ordinary micrometers answer a very good ptirpoBB, but 
the most delicate teats are the famous ruled plntesof M. Nobert. 

In theesamiaatioQof objectives, there are a few simple gene- 
ral rules which must be obaervod by the mioroaoopist it ho 
would secure accurate results. 

Thefirst important point, and one to which sufficient attention 
ianot generally given, isthehealtliof the observer at the timo of 
making the trial. The eye is a very delicate orgau, and the 
slightest derangement of the stomach or uervea affects it to a 
extent that few persons realize. We have an ohj^ct-glaea i 
comparatively low power, with which, when in good personal 
health, we find no difficulty in resolving the -P. angulalum, 
though a very slight disturbance of the digestive organs, ren- 
ders the lines perfectly invisible. 

It must also be remembered that in the case of such deliciti) 
observations, personal pecaUarities, irruspeutive of health o 
sickness, exert a marked infinence, so that it docs not fulloi 
that what one observer sees, all con Bee. We lukve frequently 

'The srtldcuLl star ia a. vcr; minate globule of mercury, ablainod ly 
nntliuie a amall drop by mciDS of t, smart t:ip with f, flsl t'.if ot iron or 
Ivory. Tills globulo la Diide ia act as a Binall convex mirror, reScctiii^ 
Iho light of (lamp, candle or wlDdoir. Itia Dot nieatloned bymoileri 
wrilira on tbo microscope (Carpenter, Hogs, Beale, Fro;, elii.), bat i^ 
DBcd L>7 eaiBo o( our best opticiaua. Dr. RojBtDU Figgott, ha* rooenlly 
Tevircdils use. QoriDg deTOtud consideralile apace to an accooat Of llie 
oest methods of QBuigit. 
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Been, thoae who oould not distingniah lines that were Tisible to 
others, and we L:ive also met tlioae to wliom an objective, in 
-which the ohromitic errors wero verj obvious, aeemed to be 
perfeot. Tliis probablj arose from a kiud of color blind- 
ucHB. We have also met oyea whioh distorted objects, aad 
those wliich saw fringes ol color round objects viewed through 
an pVijective of generally reooguiaed excellence. 

Attempts have been made to get rid of the errors arising 
from personal pecaliarities (or trhat mav perhaps l^e called tho- 
"personal equation") by employing photography, it being 
assumed that if a lens will give un image which can be photo- 
graphed, it must give an image that muy be seen, and thiit 
whatever is photographed must of necessity be a real image. 
But from the known fact that the foci of the chemical and 
visual rajB do not coincide, and that the corrections required 
in the one cose are not those calcnlated to give tUe best results 
in the other, we have little faith in photography as the best 
test of the excellence of an objective, except, of course, in those 
ea where photogcaphie work is the chief purpose ia view. 
Lenses intended to transmit an image to the eye must be tested 
by the eye, and if certain eyes show peculiarities not possessed by 
theavorage eye, then lenses must be oonectedspeciidJy for them. 

It is scarcely necessary to say that when on objective ia put 
upon itiH trial, the stitnd und means of illumination ought to bu 
such as will do it justice. The best stand in the world cannot 
make a good objective out of a poor one, but a poor stand will 
give poor reaulta even with the best objective. The eye-pieces 
also should be of good quality, and if an objective, which tho 

iciosoopist has reason to believe is a good one, fails, it should 
not be condemned until it has been tried wilh eye-pieces either 
by the same maker, or of a known standard of excellence. And 

e must also remember that it is nut sulHcient to examine an 
objectiveincombinatiou with a shallow eye-piece, or one giving 
a Ijw magnifying power. An objective may perforoi very well 
if used with IwX eye-pieces, and utterly fail when a higher 
power ia applied. M ist milkers of objectives test their glasses 
under eye-piecea of very high power — a quarter and eve 
eighth of an inch focus, or what would be equivalent to H 

a the usual BOale. 
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The room ia uliich the trat is miidB njiist also be a subject of 
careful aeleutioD. Yerj mnnf of our heet microsoopes are used 
in our large oilieti; at le;isb tliejare very gen erallj exam ined 
there nith a view to purchase. Now, those who are familiar 
^th the Biihject, know thut during tlie day time the buildiugs 
alongthe principal thoroughfarcB in our large cities are iuBuch 
a etatB of constant vibration, that good results are rendered im- 
possible, and therefore tbat an abjective and stiiiid which, 
under GQcb circumstances, full to resolve diffiiiulli tests, or to 
define dearly, should not on that account be condemned. 

The illumination employed miiBt also receive careful atten- 
tion. An objective which readily resolves the P. angidatum by 
central ihumi nation, when lump light or good daylight ia used, 
may tail when itoor daylight is em^tloyed. S^ecitd directions 
on this point are given uudfr tlie head of light and illami"i- 
tion, and therefore we would merely say here that an objec . . j 
which Lss been tested only by the dull blue light of a nortliern. 
sky, cannot be said to be inferior because it has failed either in 
resolving or defining power. 

On tbe other hand, we must not place too high an estimate 
on an objective which, by the aid of monochiomatio light, (tbe 
blue-cell, for example,] has resolved certain difficult tests. It 
isnot uncommon to find that leusca of a. quurtcr-iuch focus 
will, with blue light, resolve the AmpHplewra peUucida, but 
fail completely with ordinary light. £ven eighths aud tenths 
by the same umkerH, and of a grade quite as good aa the fourths 
just mentioned, fail to resolve the Amphiplewa by ordinary 
illumination, even when well managed. The aid which ia 
derived from blue light in the resolution of difficult diatoms ia 
uuquestionablc, but it is not quite so clear that this kind of 
light gives the an me assistance in the matter of definition. Oar 
own tsperience leads us to believe that the real assistance de- 
rived in tUe latter case is veiy slight. Therefore, we do not 
regard it as a very high recommeudution for ordinary work that 
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i SKLEOTIOH AND DBS 

To determine tUe qoality of an objective it ia best to take np 
the BeTeral featiirea nliieh vre liave just detailed, 
its efficieuej in each of theee direotionB. First of 
nil, tlitiilefining power slioiilil be c;Lri-[iilly tried, tliis being the 
most imiiortatit quality th^it n glass can posBesa, No Bpeoiiil 
ttuit oau be naiudt fui' this, :iqi1 in tact tlie formation of acar- 
rect judgment in regard to it M'ill depend more npon tlie 
eiperienpe of the observer than upon any particular rules tli^it 
can be laid down. Aa Carpenter ^ell says: " An experienced 
mieroscopist will jodge of the defining power of a lens by tlie 
quality of tbe image wbi eh it givea of nlmost any object with, 
which lie may be familiar." To which we m.iy add that tim 
inexperieiiceil microBcopiat will in general fuil to detect a want 
of defining power, no matter what object lie may examine. 

Th J chief points seem tu be that the outlines should be sharp 
and clear, the blacks black, and the other natural oolora cleui 
nnd distinct. Frey compareb the image given by n good lena 
to ft good copper plate, or tt print with sbarp letters, and ni 
illustration could be more to the point. He also states that ai 
objective which is deficient in this respect, is best tested witi 
n pretty otrong eye-piece. In our own experience we havi) 
found no surer test of excellence than this ; an objective whieh 
is deficient in defiuing power, is sure to "break down" tinder 
a liigh eye-piece. Deep eye-piecing dues not affent the resolv- 
ing power of a lens to the Sams extent that tlie defining power 
is lessened, and therefore, the fact that a glass shows lines 
under a high eye-piece, is not an absolute d emu list rution of it 
excellenoe as re^gards definition. At the same time, it will be 
fo and that considerable nngnlar npertnre ia absolutely nocea- 
aary to enable aui/ glass to bear deep eye-pieciiig, because with- 
out this, the loss of light is so great that nothing can be seen 
clearly. Hence tlie truth of the somewhat paradoxical state- 
ment, that an olijective may bo really good under a low eye- 
piece, and yet fuil nnder a high one. 

With the English opticians a favorite test for definition ii 
the Podara scale. Unfortunately, however, the atructnre of 
this scale aud even the identification of the ao:i1e itself, se 
to be a matter of doubt. Page after page has been written tor 
the purpose of showing how the Fodura scale ought to look, and 
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still tUe qitestioa seem^ tubi undecided. Carpenter, inhialitst 
edition (page 702] aujs: "The sliarp and distinct bringiag-oiit 
of the ' eiclnmation maris 'of the Podmu scale, constitutes, whan 
itooeiistswith the greatest pructicsblo freedom from color, auit 
with adequate 'focal liejith' or 'peuetratiug power,' the most 
Talnableproot of the fitness of an Objective of high power tor 
the purpose of scientifio work." 

To give our renders an idea of 

hoiT the podura scale ought to look, 
we give a figure copied from tlie 
engraving published by the lato 
Richard Bock, in his work oo this 
microscope. The figure shows 
lU jK(ill(Blflli!'lJl^tBnilf " '''^ appearance of the Podura 
il'Vo insJllil BlHillSlii scale when the adjuslraant of the 
1 WllljJ nBlflai OUBflD' 11 ol.j(.>ct glass is correct and the mark- 

lillllillli.Mililfflim i-e- »'• " '-"•■: Tf obi"im 

nqed was a one-eighth, giving a 

Fig- ^- magnifying power of 1,300 diaroe- 

It is, we believe, generally conceded that in the present state 
of the art, per/ect correction for color cannot be obtained, but 
BO long BB the residuary chromatic abberration does not inter- 
fere with the defining power of the objeotive, it cannot be re- 
garded as an objection. And yet we have seen a would-be critic 
reject a very escollent lens because it showed a little color, 
while he was loud in Lis praise of another lens which, although 
more perfect in tliis respect was almost worthless otherwise. 
Like specks of dirt on an eye-piece, which do no harm and are 
never even seen by eiperienced microBOopists, slight color and 
want of flatness of field are the biles noirs of beginners. They 
are the defects which are most easily detected, and the detec- 
tion gives the critic an air of knowledge which is to him a 
source of great pride. 

The best English and American opticians now slightly nnder- 
oorreot their beat objectives, so that the field shows a slightly 
greenish hue, while any promiiu'iit markings on the object, 
such as the dots on the Angtihitiim staud out clear and well de- 
fined and of a very dehcate ruby tint. According to Erey the 
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majority of contiaeutiil maksrs adapt the opposite plan. 
Their leases are over- corrected, and objects ahow a bluieh 
border. 

A want of correction for color ia shown when thin objects with 
manj cross lines are examined, especially icith slightly obliqne 
light. Ab a test for aohrumatiam in low powers, Carpenter 
prefers a sectioa of coniferous wood, showiiig the glandular 

Idols. He also recommends the trachefe of insects, but ahnost 
any lined object will answer the purpose. ^M 

The existence of aberration of form is best proved by the use ^H 
■)[ a fine micrometer or a Nobert'a plate. When this defect is ^H 
very marked, it ia easily seen in the curved and distorted lines ^^M 
of whiah the image oonsistB, but such a state of things exists ^^M 
only in extreme eases. Where this distortion is not very glar- ^^M 
iiig, it may be necessary to compare the magnified image of the ^^M 
lines in the stage micrometer nith straight lines ruled on u thin ^^| 
plate of glass laid on the diaphragm of the eye-pieue— iti other ^^M 
words with an eje-piece micrometer in which the ruled HneB are ^^| 
quite long, ^^| 



For teathig for flatness of field and aberration of form, Frey 
recommends " a slide thickly smeared with India ink, in which 
small circles or other figures are scratched with the point of a 
fine needle. * * * If theinstrument isadjusted with trans- 
mitted light for such a circle, it should appear sharply 
cut on the black ground, aud not surrounded by a halo 
of light. If the circle is then brought out of focus, it 
gradually enlarges, while its sharp borders disappear, with- 
out spreading ii strong halo of light either iuwards or outwards 
over the biuck field." 

The angular aperture of an objective can be determined 
ftocnrately only by meusurement, and this is something that 
beginners will hardly attempt. To measure accurately the 
angular aperture of an objective, is a task requiring con- 
siderable skill and knowledge, aud most of the appU- 
ances furnished by mi aroe cope-makers for this purpose, fail 
to give accurate results. It must be remembered that il(^ 
measuring the angle of an objective, we must comply with 
the same rules that govern the accurate measurement of 
any other angle. Dr. Carpenter, in his -work, gives a method 
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frliich he calls "the simplest acd moat convenient." We ven- 
ture to say, that none but an espert cnn obtain by it reaultB 
that are anywhere near acenrate, especially with high powere. 
We therefore coasiilcr that any directions upon this Bubjeot, 
addreseed to begiuners, nuuld be worse than uselecs. 

Since, huwever, the resolving power of an objective depends 
in n large meaBnre upon its angular aperture, we mnyfeel 
pretty certain that an objective whicli faiia to resolve testa 
suited to it^ magnifying poner, is deHcient in angular aperture, 
unless, iodeed, its inefflcieucy should arise from watit of defining 
power, which may be teatetl by other ipeans. Of ordinary work- 
ing lenses, Ihehalt inch ought easily to resolve the Pleurvsigiwi 
BaUicuia; the quarter inch should resolve the P. aarjulaSum, by 
oblique light, and those of a fifth or aixth inch foous should 
tesolve the latter test hj asial or central light. Aa eighth, 
tenth, or twelfth, ought to resolve all the diatoms on the Probe 
Platte below the ITtb. It ia true that objectives of a quarter 
inch focus have been made to resolve everything ou the Probe 
Platte, but such glasses cost too much to render it likely that 
they will fall into the handa of ordinary etudenta. Twelttha 
and Bixteenlha should go through the Probe Platte easily. If 
they cannot do this it would be better to tiike a lower power of 
better quahty, and use it with a higher eye-piece. 

We must also be ou our guard against an old source of error — 

e use of lined tcata which vary from the accepted standard.* 

Great diSerencca exist in the different apecimens of the var- 

ibjects that are used, some, owing to individual 

characteristics and the methods employed in mountiag, being 

'Aiuah more easily resolved or showu than others. Conse- 

■Ttaeproof objacta [aneljlinsd inseot eealeaj Drieinallr diBCOVOrcd bj 
Iiie, are sulfioient for that porpoaB In honest hands, and whca nsod with Ihe 
procnationB I Ijara pointed oat. Batil is well kiiaira tlia.t they havebaea 
■bunefoll; ahmed, otriag to the varioua facilities of resolutioa wliich 
eiilt betlreeu diSuraDt ipocimeng of lined objoats, the external oharau- 
ter*ot wMoliolaaol;reBemblo each other; bo that it maybe eaid Ui:Lt 
Otereara proqf objedt to Buiitlie capaoiiiei of all inicrosnopfii; my, they 
ftctunlly porvi:rti;d to tlie purpose of decoiviiig the DDBcieotifie piirt of 
ipubllo iu a. much mora cffdctn&l loaiiner, than could poBBibly have 
beenaonewilUaut tliem."— Goi-inj. What Is true of the flcaleBDBodby 
OotiDg ia also true, though peiLKpi not to the same extent, of diatomB. 
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qaently, becauao na objective resolves one Bpecimen of the P. 
Angnlalum, it does not follow that it will resolve all others. 0ns 
of the mostimportant stepa in the direotioa of iinifoi'mitrf in 
this respect, n,t least bo far as testing the resolving power of 
objectives is concerned, is f iiraishcd by the test-plate (Prol.ie 
Plattt) ot J. D. MiJllec. Upon a slide of the usuiil size, he ar- 
ranges twenty dLatoms, carefully seleoted as to cleanness, and 
also as to resolvability. Those that he has chosen for the pur- 
pose are named in the accompanyiag table. They are arranged 
on tbe sliile in a line which is ubont a quarter of nn inch in 
length, tlio beginning and end oE the row being marked by a 
Bpecimen ot Eupailiscus Argus, Ehrbg. The table on, tha oppo- 
site page gives the closeness of the lines and the direction of 
the markings in these diatoms acoording to the best authorities. 
In this coaDection it must not be forgotten, however, that mere 
closeness is not the only feature which makes a aeries of lines 
easy or difficult of resolution. Every micrometer maker knows 
that of two sets of lines, both ruled at 10,000 to the inch, one 
may bo much more difficult to resolve than tbe other. The 
strength of the individual lines has as much to do with it as 
the mei-e distance at which they are placed apart. Moller'a 
Probe Platte is furnished of two kinds, dry and in balsam, the 
latter being, of course, by far the most difficult test. It is an ' 
nntortanate fact, however, that even with all the care and skill 
exercised, even the test-plates of Herr Mailer do not always 
conform to a standard; and, therefore, were it not for the facts 
just stated, it would seem that the most trustworthy testfi are 
the ruled plates ot M. Nobert. 

It is not difficult to test an objective of moderate power for 
flatness of field, provided we have on hand a suitable object. 
For this purpose a thin section of wood, or of an echinus spine, 
is generally chosen. Fur low powers a very eicelleut test Ja 
one of those micro-photographs which are so commoa. Que 
showing a sentence or sentences should be chosen in prefer- 
ence to a picture, since, unless the field of view be flat, tbe whole 
of the letters will not be clearly readable at once, while in a 
picture the efieotknownas aerial perapeclivo m:iy give 
impression of want of flatness of field. In applying tests for 
flatness of field, it is of oonrse obvioos that we must make 
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that the test used ia ItseU fliit. Comiaou ^luss slidea are not 
flat, and aa thej are used tor tlie cheaper kinds at micro- 
photogiapha, thia fact miij give rise to errors if we are not caie- 
fat ia our Belections. The l>eat alides tire cut from glass plate 
which haa been ground and polished eo that the sides nre per- 
fect planea, and it ia this kind only Ihat should be used. Ciire 
should also be taken to see that the object lies flit ou the alide, 
and ia Itot distorted bj the cover. We have seen au objective 
coademued because it did not skew all the diatoms in the field 
of view in focus at once, when the fact wils thu.t the diatoms 
were attached to t lie cover which was slightly wavy as covtra 
often are. Whenitisauspected that the fault is not in the objec- 
tive, but in the slide or cover, the object ahoiiltl be carefully 
passed across the field of view, and the changes ia focus noticed. 
Thia will iu general tell where the defect lies, for if the part 
thatia apparently fog g; should more as the object movea, it 
ahowH that the object itself ia not flut. It has been recom- 
mended by high authority to test objectives for fl-ituesa of field 
by strewing some fiae powder on a slide and seeiag whether all 
the grains are in focoa at once. For obvious reasous thia ia a 
very unreliable method. 

Penetration iu low powers ia perhaps most readily deter- 
mined by the examination of opaque objects of considerable 
thickness. The round pollen fjraina of the hollyhock, and the 
rounded forms of the polycystina are excellent tests for objt^c- 
tives of an inch or iaoli and a halt. Lower powers ought tj 
Bhoiv coarser objects in all their dimensions, while for those at 
medium power the ciarser cellular tissue o£ plants answers very 
well. It ia more difficult to indicate a good test for penetra- 
tion in the higher pjivera, in which, by the way, w.i have often 
seen want of penetration mistaken for want of fiitaess of fleld. 
This arose simply from the fact that scarcely any object ii 
absolutely fiat, and hence, as explained uuder another bead, 
the curvature of the object is sometimes taken as an indica- 
tion of a detect in the objective. Want ot good working 
distance makes itself obvious during the examination of any 
object suited to the objective 
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\ ON THE SELECTION OF A MICROSCOPE FOR PRAC- 
TICAL PURPOSES. 



The object of all the information given iu the preceding 
pages, is to enable the re^ider not only to naderstanLl (he coq- 
atruction of the mieroacope, bnt to select one juilicioualy ; and, 
thei'efore, in eveiT- sectioa wehnve ofFered hints bearing in this 
direction. We now pi-opose to give the reader such speciftl in- 
Btructisiia in regard to the choice oF an instrument as are 
secessurj in addition to those previously offered. 

Those who will esamina the catolognca of the various makere 
of microscopes, will find the iustrumeats divided into first, 
second, third, fourth, etc., classes, tlio microscopes in each 
succeeding class in this deaeending scale being smaller and less 
complete than those in the one preceding it. The first-cliu<3 
microscopes of almoqt all our promiaent makers ore large, 
IjeautifnUy-made instrumentfi. They are provided with me- 
chanical movements in every part, whereby the utmost delicacy 
and precision in making aa adjustment, and in recording it, 
.jnfty be obtained, and as a natural consequence, such insti'u- 
lenta are quite expeneive. Indeed, it wiU often be found that 
hanging and' adjustment of the mirrors alone, of these fiae 
stands, cost as much as an entire microscope of the lower 

Second-class stands are usually smallerthan those of the first 
class, but llioy are frequently very complete as regards their 
adjustments and nrrangementa. Microscopes of the third and 
fourth class are usually much simpler in their construction, as 
trell OS lees in size. In addition to these different classes, most 
manufacturers offer models adapted to special purposes, so that 
in setting out to procure a microscope, the beginner ia very opt 
to be bewildered unless he has the guidance of some judioiona 
friend. Of course those who are mere dealera piways urge the 
^purchase of the most complete aud expensive microscope which 
fanda of the purchaser will enable him to procnre, wheiesf 



ft comparatiTely cheap microscope would frequently answer his 
pnrpose far better. Tho reader will of course bear in mind 
tliat by " dealer" we do not refer to experieniiedopticianii, aui:h 
Bjj are most of our microECOpe makers. From'thcse men the 
Btodent will be pretty sure to get HoiinJ advice and efficient 
assistance. But, as is well known, every dealer ia spectacles 
sets hiiuself up oa an optician, aud professes to be competent 
to give advice in regard to the purchase of *a microscope ; and 
the microscope which these men always advise the purchaser to 
procure is the one thai will afford them the largest commissions. It 
is unnecessary to say tliat this is not always the instrument 
that will afford the greatest amount of satisfaction to the be- 
ginner in microacopy. 

In selecting a microscope, regard must be had, not only to 
the excellence of the iustramcnt, but to its ada])tability to the 
purpose for which it is intended, and to the person who is to 
use it. A complicated and expensive compound microscope, if 
placed in the hands of a persou having little experience or skill, 
would evidently be worae than wasted, while to attempt to con- 
duct elaboi-ate and delicate investigatious by means of a cheap 
non-achromatic instrument, would simply be to throw away 
time, and wantonly iacur the risk of serionE errors. And yet no 
mistake is more frequently made. A microscope is wanted ; the 
purchaser is liberal with his means, and lie is saddled with an 
expensive instrument entirely nnauited to Lis requirements. 
Or, on the other hand, a physician or student of limited means 
requires an instrument, and. being unable to afford the price o( 
a really good one, he is induced to purchase a cheap offoii', 
■whose indications, when applied to the subjects for which he 
requires it, are entirely unreliable ; whereas, he ought to be 
told that if he cannot t^ord a microscope which is at least pro- 
vided with good objectives, aud the necessary facilities for using 
them, he ought to leave microscopy in its applications to medi- 
cine and physiology alone. Wo foe! it the more necessary to 
be emphatic on this point, from the fact that cases involving 
Buch errors Lave so often come under our own observation. 
Thus we have seen cheap French insfi-uments, with poor triplets, 
in the hande of physicians, and used in cases wliere the safety 
of the pailJenI: depended upon a correct diagnosis I 
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TLe flrat point to be deeiJed, is the kind of miai'oscope that 
aLould be pFocui'ed^that ia to nay, whether a fiimpla oi' a com- 
pound mictoacope ia wanted. If the stadeut is desirous of 
leorking on objects under the microscope^making dissections 
of flowers, etc. — a simple microscope, of aaj of the kinds de- 
scribed ia a. previous chapter, will suit his purpose best. It 
uhould be arranged on a stand, a.ad tlus he cau either do him- 
aelf, or he can procure one of the aiaoy digsedinff inicrosa^es 
^Mch he will find described in tlie catalogues of the monufac- 
For such purposes a simple microscope ia indispensa- 
Tde, though ■wbeti we come to examine tlie results of our work, 
(dissections, etc.) a good compound microscope is equally 
aecessary. 

Attempts have been made to combine these two forma of the 
microscope iiL one iuetrumeut, atid witli considerable success, 
icreasing our power to esamine our work as it pro- 
gresses ia 'concerned. This ia accomplished by so arranging 
the simple microscope that a compound body with its eye- 
piece may be slipped on or o£f, as required. And by using a 
Bingla concave lens as an eye-piece, we can secure considerable 
magnifying power and gi'eat working distance, while at t!ie 
same time the object is aeeu erect aud not inverted, as when 
the ordinary compound body is used. Tliis form is called the 
" BmclcS Loupe " — and ia too little known in this country. 
Butno such makeshift can take the ])lace of a good compound 
microscope, although it may form a useful and convenient ad- 
dition to the studeutls outilt. 

The selection of a compound microscope will frequently be 
determined, not only by the wants, but by the means of the 
purchaser. To those who are obliged to put up with a cheap 
'ULicroacope, the only advice that we can give is to get the best 
iforthe money, aud as newer and better microscopes 
itantly coming into market, tlie beat tliiug the student 
can do is to procure the latest catalogues of the difiereiit 
dealere, and esamiue and compare what they have to offer. 
There ia no microscope in market to-day that will not probably 
be excelled by something better in less than twelve months 

tav this time. 

To those whose meaas enable them to procure whatever they 
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may require, a woril of caution is alao uecessary. If your 
atutliea require tLe employment o£ the very best instrumental 
ftppliances, by all moons pi'ocure eitliet a flrst-elaas atantl by 
some well-known maker, or a, microscope made to aoit your 
si>ecial requirements. Bat at tbe name time do not fail to pro- 
vide youraelf witli one of wliat may be called the Ihird-dass in- 
struments ; tliat is. a microscope of moderate size, and detititute 
of tlioae complicated arrangements wliicL are tlie glory of all 
first-class stands. With sueL a mici'oscope you will be able to 
do twice, yes thrice as mncli work as with the large heavy 
Btauds. The physician or working naturalist that procures 
very eipeusive stand tor every-day use, makes a great mistake. 
It la Tery well to have such a stand for specinl occosiom 
for " ordinary work " the small stand is to be preferred. 

And this leads ns to enquire what is or ought to be meant by 
" ordinary work ? " The esjireasion is not an iii 
but it is one to which objection has been made on account of 
alleged indefiuiteuess. 

If we exclude from consideration the employment of the i 
scope for purposes of amusement or of elementaiy instruction, 
almost all microscopic work may be divided into two classes, 
which may very properly be called, respectively, ordinary iaork 
and purposes of reseca'dt. Ordinary work in this si 
chiefly in searching for known forms, and does not demand 
anything like the instrumental perfection which is required for 
work whicli at all approaches the natui'e of original t 
And by original research, we do not mean that re.search whioli 
is carried on (or the purpose of making important scientific dis- 
coveries, but simply that which hati for its end the examination 
of the structure and characteristics of objects which a 
known to the indiridual observer. 

In support of this view, it would be easy to cite r 
instances. Thus every one knows, that for the cxaraiuatiou of 
different kinds of starch, and the investigation of their peculiar- 
ities, very good microscopes and high powers ought to be used. 
But Hassal, lq his work on adulteration, tells ns that a quarter- 
jnch objective, of ordinai7 quality, and used ( 
ptand, is sufEcieut to discriminate between the difierent starches 
when they are mixed together. 



The etndy of the diatoms, iu so far as theit atracture ia con- 
cerned, confessedly requires uiicroacoiiea ond objeclives of the 
Tery highest class. And yet we hnvi? been told by a geutleman, 
Trhoae name deBcrveclly stands vei-y high ill coaiiectiiiii with tlie 
study of these interesting objects, that for the deteiminatioa of 
species, and tor most other iioints which he has studied, he haa 
used a good non-adjasting quarter, on a simple stand, and that 
'it seldom tliat he haa recourse to better objectives, of 
^Irhich, however, he lias a fall series by the most eminent 
taakeni. 
By the term " ordinaiy work," then, wo may very properly 
"* designate all such examinations as lead us over ground that is 
well known, while no work that involves the esamination of 
-unfamiliar structures or tlie investigation of unknown processes, 
eon be so called. But of all tlie work that is done with the mi- 
croscope, four-fifths (inelnding the work of the physician) is 
"ordinary work," 

To tlioae, therefore, who have abandant means at their 

I command, we would by all means recommend the pur- 

LcLase of two microscopes — always, of course, getting the cheap 

^one first. If, duriug the course of their "apprenticeship," this 

roheap instrument should get injured, the loss will not be very 

great, and by the time the student has learned to use the cheap 

instrument, he will have acquired intelligent views as to hia 

special needs in the matter of a more complete one, and will 

not be dependent upon the advice of any one. 

To those who cannot afford two microscopes, we would 

I Btrougly recommend as a stand, one of the New American 

I Models, previously described. If we eicept a few special de- 

I partments, sneh as goniometry, etc.. these utatids are equal to 

I nil deumnds, and will do justice to any objectives or accessories, 

I vliile at the same time they are sufliciently compact and handy 

I to allow of the convenient and rapid accomplishment of all 

I kinds of simple work. 

To those who causot afford one of these stands, the only 
I advice we can offer is to get the best they can for the amount of 
I jnoney they have to spccJ. 

It would be impossible to give anything like a list of special 
[■ cases in whicli the different styles of microscopes prove most 
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usf fill ; the reader wliOBe utteutiou ia calluil to tLia point will 
Iiave little difBcuItj in deciding the question foi himself. Wu 
merElygive the general nilp, that where dissections of planU 
and animals are to be carried on, a simple microscope sliould 
in general be chosen, while the compound microscope Iuy~ 
niahed with good olijectiveB, is iudiapensible whenever liigh 
powera are required for the examination at objects. 

Having decided upon the kind of microscope that ia needed, 
the next step ia to determine theindividual quality of the dif- 
ferent inatramenta that msy be offered to ns. To do tins 
thoroughly, it will i" every case be found a good plan to take 
up, point by point, all thoseelementslhat are necessary or desir- 
able in a microscope, and in Ihis way subject the instmment 
to the most careful scrutiny. Unless a microscope is made 
Bjwciully to order, it will be difficult to find one that will com- 
bine all desirable features, but the plan we eitggeat certainly 
enables us to decide most readily and accurately as to the prea- 
enco or alisence of those points which are desirrible for our pur- 
jHtsea. The following are tlie chief points thsit demand atten- 

MBgnifring Power.— We place this first, becaneenanally 
the first question iu regard to a microacope that is asked by be- 
ginners is, "What ia its magnifying power?" Now magnifying 
power, although animportiint element, is after all but asecouduiy 
consideration. A microscope magnifying a thousand diame- 
ters could easily be made and sold at a profit for Ave dollais, 
and a few cents expended in paper and paste will at any time 
double, or even treble, the magnifying power of an ordinary 
compound instrument. The proper questioa is not how mucli 
does a microscope magnify, but how much will it show. A 
magnifying power of one hundred diametera, obtained by the 
nse of first-class objectives, will enable us to see more of the 
true structure of an object than could be reached by a magni- 
fying power of five hundred, the lenses in the latter case being 
of inferior quality. But, although not the first consideration, 
n aguifying power is a feature of sufficient importjmce to deserve 
care: id deliberation, and without a knowledge of the powers 
required, and the mode in which they are espreseed, the begin.- 
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ncr will otton encounter difficulty. Both these points Iieing ea- 
sential, tlierefore, before discussing tbe mrtgnitj-ing powers 
best Buited to different purposes, it may be well to say a word in 
regard to tlie mode in vliich magnifying power is always ex- 
pressed by scientific mcD. 

Wlien we look at a small object through a microscope, and 
^B it magnified to twice its length, it is evident that its breadth 
is also magnified twice, and consequently its surface, no matter 
what the shape may be, is magnified tour times. It roiglit also 
be said that as we only take cognizance of bodies having a sen- 
sible thickness, this thickness must be magnified twice, and 
therefore the objeot is magnified twice tour, or eight times. The 
latter, however, is a view which is never insisted upon, and 
even those who claim the most for their microscopes, never do 
more than express the magnifying power in surfaces. Sfien- 
tiflc meu are, however, agreed tliat to express a magnifying 
power in surfaces is to convey a wrong impression ia regnrd 
to the assistance rendered by the instmment to the naturnl 
vision, for a careful study of the physiology of vision, teaches us 
that our power to appreciate and distinguish the features of 
any object depends upOD the distances to which the characteris- 
tic points of that object are separated, and this can be meas- 
nred only by linear, and not by superficial units. There are 
other considerations which lead to the same conclusion, but 
for the beginner it is sufficient to know that all scientific mi- 
croacopistB are agreed that when the magnifying power of a 
microscope is stated, it shall be stated in diameters, and not in U 
areas. Bj common consent, then, ten times means ten diame- I 
ters. And yet it is a very common thing for charlatans, and / 
those who wish to deceive the public, to say that a microscope 
sold hy them magnifies ten thousand times, or one hundred di- 
ameters, and as "ten thousand times "is much more readily 
appreciated by the popular mind than "one hundred diame- 
ters," the majority of those who read such stnteuieuta suppose 
thai they will be enabled to see ten thousand times more than 
they could see with the naked eye, which assuredly ia not the 
case. In some instances these advertisers do not even state 
the diameters. We have now before us, clipped from a journij 
Oi deservedly good reputation, an adveirtisment which reads as 
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follows, omitting what printers o^ill the "display" 
of the words: "Microscopes constructed on scientific priueiplea 
magnifying 10,000 times." The microscope in 
learned bypersonul exiiminatioD, gives a tnaguifying power of 
about one liunilrcd diameters. Carpenter speaking upon this 
point says: "rhesupffrfidd/magnityiag powei 
timat«d by«i2unriii7 the linear ; bat this mode of statement is 
never adopted by scientific observers, allhongh often em- 
ployed to eiLcite popnlar admiration, or attract customers, by 
those whose interest is concerned in doing so." We would, 
therefore, advise our readers to look with suspicion upon any 
concern advertising in this manner. OEconrse an advertisement 
claiming a magnifying power of "10,000 arvas or 100 diame- 
(ers " is unobjectionable, because both espre^ssions are placed 
upon an equal footing. It must also be borne in mind that 
great though unintentional mistalces are often made by dealers 
in stating the power of the microscopes they offer for sole. 
Not long ago a friend told ua that he had been offered a small 
microscope having a magnifying power of 500 diumeters, (or 
A moderate sum. "We called to see it, taking the precaution to 
put a micrometer and a foot rale in our pocket. By actual 
measurement the highest magnifying power of this microscope 
was 45 diameters 1 Another instance occurs in the catalogue 
of a well-known and honorable business house, who offer a 
very neut and well made instrument, whose magnifying power 
is claimed to be 350 diameters. Careful meaeuroment of several 
instruments, however, gave an average power ol less than 200 
diameters! Indeed it will in general be found that the magni- 
fying power stated by dealers who do not devote their chief at- 
tention to microscopes, is greatly over estimated. 

So much, then, being clearly understood in each case, the 
question naturally arises, Wliat should be the magnifying powers 
possessed by microscopes intended for certain specified purposes? 
That a certain magnifying power is necessary, uo matter what 
the quality of the lenses may be, is true beyond a doubt. 
Thus, for example, suppose we wish to see the lines on the 
Pleurosigma .dnjutaium, which lines are about the one fifty- 
thousandth of an inch apart; what magnifying power would 
be necessary? 
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Wilh the best illnniinatioD, tlie average linman eye can just 
clearly tUatuignisli lines wLieh are the two-hunilredih of an inch 
apart. Some ejes, under favorable circnmstauces, can see 
lines placed an close together as 250 lo the iuch, but the aver- 
age is as we have stateil.* To be viaible even to tho liest eyes, 
therefore, the lines on the Aaffulatum, maat, he magni&ed ao 
that they trill present the same appearance as lines spaced so as 
to give at the very moat, say, 200 to the inch. This requires a 
magnify in g power of 250 diameters, anil nith less than this 
they cannot be seen, no matter how good the objective may be. 
And when Dr. Frey saysthat they con be seeuwith ap'iwer of 
80 or 100 times, while " weaker olijecIivpH, magnifyjug 10 or 50 
timea, Bhoold show aomelhing of the lines," he makes a state- 
ment that we cannot accept. 

In order, therefore, that an object may be distinctly seen, it 
must be magnifled to a certain extent, but the magnifying 
power absolutely necessary ia any given case, will also depend 
npon whether the microscope is to be used for general purposes 
of investigation, or merely for the reaynition of known forma. 
For the latter purpose a power of 100 may be suffifient, while 
for the former, on the same clans of objects, a power of 500 
vould be the leaet that would be serviceable. The following 
few of the cases in which the power required can be stated 
Approximately : 

For medical purposes (except for pocket instruments, inteuded 
merely to enable the observer to recognize kuown forms) a 
power of 400 is needed, and the objective should be of really 
excellent quatity. 

Students of histology require a microscope with a wider 
range of power. Low powers are more useful to them than 
to the medical man, and if they push their researches in cer- 
tain directions, thereisnohmit to the magnifying power needed. 



in the iFxt, pliro a glass mkromtitcr, roled SOO 
lines to the iocb, oti tUe stBge at a niicroBuDpE, and by means ot ilis 
ndrroi throw ■ beam of ligb t iipou il, Justaair for ciamEtiatloDby tr»Ds> 
ndtted light In tlie dbu&I w>}-: If we now look at tUe Uuca, not tbroagh 
the tobe, but simplj' from ooe aids, tboy will appear die tinctlj as well-de- 
flned lioee. Try tlio same with a micrometer ruled 250 to the inch; wmo 
eyes will be able to dlelinguisb the lines, bat very many will bil (o do b ', 
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A good two-third, one-iirtli, and one-teulL, giving iiiagmf;iDg 

powers ot from 50 to 1000 diaraetera. irill, in general, answer 
most requirements. It must be borne in mind, however, that 
beyinnem can hartlljbeexpt'D'edtt) use a, one- t«ntb inch objec- 
tive to great advantage, and, theretore, the purchase of this 
item may aafely be deferred. 

For the Bfcudj of botany, uad the ordinary tacts of vegetable 
physiology, a power of 300 ia sufficient; but the very minute 
forms of vegetable life require a m.nch higher iwwcr, and so 
do certain of tlie liigher points in the physiology oE plants. 

For the detection of adulteration, Hassal recommendH the 
inch and the qtiarter-incli olijeotives, givinga niagni tying power 
wit!i No. 1 and No. 2 eye-pieces, of from GO to 350 diameters. 
For ordinary purposes of instruction and amnsemeutin the 
houeeho'd, a microBcope magnifying from 30 to 150 diameters 
will be found most satisfactory, and for these reasons: Such an 
instrument is easily managed; if well made it gives a power 
amply sufficient for all ordinary objects, and it need not be ex- 
pensive. Moreover, while it is an easy matter to prepare ob- 
jects so that they rosy bo seen satisfaclorily under low and me- 
dium powers, it requires great skill aud long practice to enable 
the student to prepare objects so that they mny be examined 
with profit under a high power. And finally, under a high power, 
but a very small portion of any ordiuEiry object c^n be seen at 
once, and oonseqaentlj many of those things that are best 
suited for popular examina.tioa can only be seen piecemeal — 
Bveryunsatistaetorymode of proceeding. Thus, under a power 
of 750 diameters, a fly's foot couldnotpossiblybeseenasa whole; 
we might examine a single claw or pad at a time, but not the 
whole foot, and consequently woald find great difficulty in ac- 
qoiring an idea of what the general structure of the foot is. 
To give the reader clearer ideas upon this poiut, we have just 
measured the diameters of the fields seen under French and 
American objectives, with the following results: With a magni- 
fying power of 25 diameters, the field is about a quarter of an 
inch; with 50 diameters, it is one'eighth of an inch; with 100 
diameters, one-Eixteeuth of an iucli; with GOO diametera, one- 
eigbtiethof auinch; and with 1000 diameters, the one-hundred- 
pni-fiftietli of an inoii, a space iTUicU ia ortUnarilj iiiTisihle 



to the naked c je. Consequently, -when these high powers urn 

Insed, it becomes very difficnlt for beginnerB to I'Jaee the ol'jcct 

rly under the microscope, for, oh will be readily Been, nnleas 

is adjusted with a variation leas thna the one-ltundred-and- 

ttieth of an inch, it cannot be seen iit all. 

The lowest powers that will show sutisfacdorily certain well- 

objecls, nre about na follows: The scales, or ao-oalled 

.feathers on the wings of moat botterflies ear ^'' very well seen 

ith ft power of 25 diameters; iinder the same power, the eye 

li B. fly shows very distincHy'tlie several smaller eyes, or ocelli, 

lot which it is composed; the individual corpuscles or globales 

'of the frog's blood can be distingiiiaUed with a power of about 

diameters, human blood requiring 40 to 60; to show dis- 

itinctly the form, etc., of these some corpuscles requires a power 

" 200 and iipwurdN. The same may be said of starch granules. 

1 hair and wool may be seen very sntisfactorily under a, 

of 100 diameters, the former appearing like a cord, 

,% quarter of ail inch thick, lu order to show the peculiar char- 

;risties of these fibres, however, the lenses must be good. 

lotton and Ahj can be readily distinguished under a power of 

reO diameters. 

A question very frequently asked in regard to cheap micro- 
scopes is, Will they show the animalcules in water? And in 
olmost all the ndverti semen ts of cheap microscopes, we ore told 
that they will do this. Now, good well water does not contain 
animalcules that can be seen with ordinary mieroscopea. It 
is only in stagnant water that they are found, and many of 
be seen with the naked eye, without the use of any 
iorosoope whatever. Others require the use of microscopes 
tving powers a hundred fold greater than that of the beat 
miciOBCopeS in ordinary use. It is evident, therefore, that 
imch statements are worthless as eflording any indication of 
the character of a microscope. A microscope magnifying fif- 
teen to twenty diameters will show objects tliat are perfectly 
invisible to the naked eye, and with fifty diameters, provided 
the definition is good, we can obtain a very interesting view of 
many of the most beautiful objects described in the books, and 
called animalcules, such as the Vohox Globalor, the 
rger Vorlicelli, etc., etc 
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Tile Stantl.—Tliia shoulil be firm and Biibatantial, with the 
centre of gi'iivity very low. Nothing detmcta bu much from Iho 
performance of nnohjectivenatremorand viliration, aiidalarge 
majority of thi) microsuopes in marki't are very ahuky, from the 
fftot that they a' e made tall and showy in or Jtir to command a 
higher price. It is well, therefore, to bear in mind that size is 
no criterion of the value of a microscope. Instrument makers 
very properly give the aize of their i ii strum on ts, and it generally 
happens that the largi'at instriimenta by the eame maker hear 
the highest prices. OlherthlngB being equal, however, small, 
compact iiiatniments are altogelher to be preferreil. Simie 
years ago tlie rage was for large, showy microscopes, wliicli 
made a fine nppenrance in the office of the physician, and the 
Btndy ot the uaturaliit. It was found, however, that in this 
case efficiency was sivcrificed to show, and ail ourHicst makers 
are now ciittiug down the aizea of tbeiiinstmmeuta, find making 
them steady, substantial, durable and easily operated. 

There is, of course, a limit to the extent to which stands may 
be reduced in size without sacriScing their efficiency, and some 
makers seem to forget thisi There are stands in market tliat 
(ire too small every way for anything but special classes of 
work. The bodies are too small to secure efficiency in the eye- 
pieces and objectives; the stage is too small to allow of the use 
of slidta of proper size, and there is no room beneath the stnge 
for t!io attachment of proper illuminating apparatus. All tliia 
is ns inconvenient as the.three'feet-high microscopes of the end 
of llie last century. 

The weight of the stand is a subject concerning which many 
seem to differ in opinion. One writer goes so far as to say that 
no stand weighing less than fifteen pounds can be steady enough 
for the performance of good work. It will be found, however, 
that a judicious distribution of tlie material, and a proper c on- 
stmotion of the different parts, will more effectually resist the 
usual souTces of unsteadiness than any increase of absolate 
weights Of course, if it is merely desired to make the micro- 
scope Btesdy, in the sense that an inkstand is steady — that is, 
not liable to be tipped over ^weight is everything. But tba 
stands that are most difficult to tip over are not those that 
resist vibnttionB most perfectly. For tbe.latter b tri|)od with a 
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El of support is best; for ILe former a stnnd with a fla^t 
bnse resting over its whole Hurfaee on the table should be pre- 

It is obvions that the causes of unsteadinesa are either vibra- 
tioDS tranBmitted from the fluor, or moTements cauBed by the 
handin perrorming the neceBsary manipulations and adjnst- 
mentB. The first can nerer be stopped by weight, nnleBB, 
indeed, we make tlie stand so heavy that its weight will impart 
rigidity to the table niid floor, and this would require a good 
deal more tbnn firtei-u pounds, or even twice that. For the 
checking of vibralions transmitted from the tloor, no device is 
better than the stand or table described in a subseq^uent seo- 
tion. So far as movements transmitted by the hand are con- 
cerned, if a stand of three or four pounds will not resist them, 
the observer should set himself about learning delicacy of 
moveine&t before be proceeds any further, 

AH microBcopes made in tliia country and in England are 
>w conatrncted so that the body may be inclined to any angle, 
thus giving the power of asiug the microscope in nay position 
.1 — vertical, inclined or horizon tnl. The importiinoe of tliia is 
'easily seen when we consider that on the one hand, when liquids 
are to be examined, it is sometimes necessary, or at least desira- 
ble to use the microscope in a vertical position, though this is 
ft very tiresome and inconvenient position, and one that is not 
calculated to enable the observer to obtuin the besl^possible re- 
sults; and on the other, it is equally necessary that the body of 
the microscope should be capable of assuming the horizon- 
tal position when the camera luclda is to be employed for 
making drawings, us will be hereafter explained. Aud yet 
Frey actually gives the preference to microscopes tliat do not 
incline, and wLich must always be used in a vertical position I 
This, of course, necessitates the complicated aud expensive ar- 
rangement which he describes for atlapliag the o;tmera lucida to 
the vertical instrument, a singular instance of prejudice against 
,s and Bucceasful improvement. 



J The Stage. —In every case, a large, roomy si 
hitmost importance. One great objection to m 
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strnments is that tlie stages are too small. It should also be 
film and siibstantiat, ao that its position in regard to the other 
parts of the stand caunot be varied by slight pressure.* The 
most important pointa connected with the sliige are the meauB 
provided for boldicg and moving the object, and tbe facilities 
afforded for nttachiug accessory apparatus. 

In the most complete stauds, the object is held between 
sliding clips, vrhieh form a sort of clamp that is capable of 
being moved in two directions, at right angles to each other, 
bj mechanical means, which generally consist of a screw for 
one direction and a rack and pinion for the other, This form, 
which ia known as the mechanical stage, enables even a com- 
paratively unskilled person to bring any part of the object into 
the desired position in. the field of view, and this with the 
utmost precision. These mechanical stages may be said to ba 
characteristic of the higher classes of English microscopes, and 
as they are eipensive, they are not generally used. Neither 
are they absolutely necessary (or ordinary work with low or 
medium powers, for with any objective lower than one-twelfth 
of an inch focus, the object can be moved by hand quite aa 
readily as by the screws, and we hold it to be a well estabhshed 
rule in all manipidittions connected with scientific work, that 
whenevLT any operation can be performed satisfactorily by 
means of tho hands alone, all special contrivanoea should be 
dispensed with. For low and moderate powers, therefore, we 
prefer the plain stage, on which the object is moved by means 
of the hands alone. But when very high powers are used, and 
especially when delicate micrometrical or goniometrioal mens- 
urements are to be made, a well-made mechanical stage becomes 
a necessity. For while it is. easy enough to bring an object 
very near to a given point by means of the fingers aiono, it is 
almost impossible to secure perfect accuracy. In the effort to 
attain this the mechanical stage is a great assistance, and 
therefore when Frey utters a wholesale condemnation of the 

*At the same timu, howover, it mnat bo borua in mind tliat no stitBO 
evemna m&de bq firni thatovea s. sligld prcasaro would not ettett U. If, 
ihetelore, tbe reader is deteimini.tl nut la rest coi. tec t wiili 
ehoitof apf^/erf/j/ rigid BtE^e, ha will reject nil the best micros 
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' Bagliflli microscopes, a.ad asserts tU^tb tliej ars unpleaBantlf 
loaded vith what lie ia pleased to call "screwa andimesaentiil 
ii]>puiteii8Ji(!eB," it seems lo ua that Le commits a grt'at error. 
These costly uiid complex iuHtriimeiita are iateuded for the 
highest olasstif wort, and the moat powerful objeclires; per- 
fi'Clion of the work to be done, aud not simplicity in the menus 
by which it is to be dune, is the end sought, and this cuu be 
attained only by tbe complex means employed. 

We huve never found auy of the ao-called lever stages that 
fulfilled the requirements of the Ligheet 'class of work, and, 
llierefore, if a mecbauicul stagt* is to bu chosen at all, the best 
form should lie procured. 

A microscope filled with a good mechanical stage h'avea 

' nothing to be desired, but wjien other /orms are used, it is evi- 
dent that the chief points t(i be attained are these: 1. The 
object shonld be held steadily, but at tlie same time perfect 
freedom of motion sliould be allowed. 2. It should bo poaai- 
ble to remove instantly from the surface of the stage, every- 
thing in the shape of clips and holders, so th.it a clear field 
tiliDuld be left for the adjustment of very lurge slides, plates, 
etc., or for the rotation of the object in relation to the light. 
3. Even tUe simplest forma of the stage should beso constructed 
that it may be possible to pass e^eri) part of the objuct tinder 
the field of view, and this, without any risk of omitting even 
the smallest portion. Tiiis point is of speaittl importance to 
physicians and naturalists. Thus, it not un frequently happens 
that it is desirable to know whether or not certain foruis ore 
present in a given drop of liquid; unless we can subject every 
part of that drop to microscopical eiaminatiou, we cannot be 
sure that the forms we are looking for are absent. There is 
always a risk of omitting some portion of the slide, and conse- 
qaently doubt must always bang over the exhanstiveness of all 
our examinations. The only certain means of avoiding all risk 
i<f missing any portion of a given slide is to pass it across the 
field of view in succesaive parallel band?, just as a plowman 
plows a field. The process is clearly abonn iu the diugruma 
on the following page. Fig. 22, showing the mode in which the 
entire aorfoce is coinpleldi/ c>>vered with a series of puraltel rib- 
bons, the breadth of eiLch of which is the diameter of the field 
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of view, while Fig. 23 shows the hap-haaaiil wny in which es- 
aminationa are nanally made, ftbuntlant room being left (oa 
shown by the email crassea) for the eseaiic of important fea- 
tures. Now, wifU onlinarv clips, it ia (lifliciilt lo effect this. 
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Fig. H. Fig. 23. 

altliongh it may be dune by the aid of a [ilnte of metal or vnl- 
ccinite, a little thicker than ihe glass object-slide, and Imving a 
sti'aight edge. The forward moTeiiiont is laa^le by pushing tho 
vulcanite plate, while by sliding the object along the edge of 
this plate, wo are enabled to esamine a narrow strip, the widtli 
of the Gold of view, as shown in Fig. 22. A somewhat similar 
device is shown on tho stage of Zentmayer'a Histological Micro- 
scope, Plato IV. "When slightly modified, this device also 
setves as o guide for tho Maltwood finder. 

In the simpler forma of tho stage, the object ia held in place 
by spring clips, which piT.ss it down, and under which it is 
moved. These clips are frequently screwed to tho stage, which 
ia a great mistake, as we arc thus prevented from slipping theitt 
off, so as to leave the stage entirely clear. They shonld always 
be hold in snch a way that Ihcy may bo instantly romovod, and 
they shonld also be vmy Ihin and springy, otherwise it ia im- 
liossiblo to move the object with suflieient delicacy, 

Tlio so-called glass stage, or Zentmayor stage, Los come into 
estansive nac, and is very much liked by some. As made by 
Zentmayer, it consists of a plate of glass, held against a brass 
support by means of a spring, which is pointed with ivory. 
The friction of tho glass jilate upon its metal support is tlins 
easily adjusted, and maybe either ao reduced that the plate will 



i-espond to the slightest touch, o 
to he practically immovable. 



it may be so firmly clamired 
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some /oiTiis tlia ylass plate is stalionaiy, and tlie object- 
f carrier raovcs over it, tUe points of contact being very small. 



ReTolving Stage— It is Dftt;n desirable to roUto au 
object in the optic axis of the microscope, either for tlio pur- 
pose, of measuiiug angles or changing the direction of tho 
illumiaatioii in regard to the object. Means lor effecting this 
LwiUi perfect accuracv have been applied both to the mechanical 
^stsgQ and the glass stage, though the latter in generally so con- 
^ tructed that rotation is imi>os3ibIe. In the large Eoss ataud (PI. 
WJ), the stage rotates, aud is graduated for raeas-aring angles. 

M. Naebet has devised a special form of the glass stage, in 
iwLich provision is made for rotating it. In this form of the ' 
stage tiio object-eaiTier, F, is 
held to the glass platp, E, by 
means of two springs with ivory 
points, the spriogs being at- 
tached to tho frame in which 
the glass plate, E, is set. Both 
the plate, E, and tho object- 
carrier rotate iu a light brass 
frame. In all these cases an 
attempt is made to secure coin- 
cidence of the centre of rota- 
tion with the optic osis of the 
:, be found that it is an impossi- 
bility to attain this object with any great degree of accui-acy 
Utiles provision is made for occasionally adjusting the contru 
i rotation of the stage. No stage that ever woa made will re- 
ain for any length of time so true tliat angles can be coiiei.th 
asuredhy it, and tlierefore several deTicna la\e b en sng 
iHted for securing accuracy without ailjustiug tho state Eineo 
I well-made an adjustable stage is expensive and when 
Borly mode it is worthless. 
I The liesl known of these devices is nhat is called the centel 
Bg noae-i)iece. This is a kind of adapter which is screwed on 
e liody and i-eceives the objectivo. It is provided with center- 
g arrangements, and the objective having been screwed into 
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instrument. It will, liov 
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it, the latter may now be adjusted exactly over the centre of 
rotation of the stage. With common objectives this answers 
very well, but first-class objectives are apt to show the effect 
of being thrown out of centre. 

Where rotation in regard to the illumination alone is required, 
several plans may be employed. One of the oldest is that 
found in the large microscopes of Hartnack and others, and 
recently adoj^ted by Mr. Browning. This device consists in 
forming the stage in two pieces, the lower part being firmly 
connected with the foot, and the means of illumination, while 
the ux)j)er part, which rotates on the lower, is rigidly attached to 
the arm which carries the body. In this way the body, the arm, 
the upper part of the stage and the object may all be simultane- 
. ously rotated in relation to the illumination, and for ordinary 
pur[)()s;»s tliis answers very well. 

Wiieu polarized light is used, however, it is obvious that it 
is impossible to rotate the object in relation to the polarized 
ray, without also rotating the analyzer, and, as every one that 
has worked much in this direction knows, it is often of great 
importance that both polarizer and analyzer should be kept 
stationary, while the object itself rotates between them. 

The little diatom stage devised by the author, and shown in 
Figure 26, page 114 also affords very simple and convenient 
means for rotating objects either above or below the stage. 
And it would be a very easy matter to so construct it, that its 
centre of rotation might be accurately adjusted to the optic 
axis of the instrument. 

Hot Stage.— It is frequently desirable to keep certain pre- 
parations at a given temperature or to raise them considerably 
above the usual temperature of the atmosi)here, so as to obsei-ve 
the ac ion of reagents upon them and the effect of heat upon 
their vitality, where living organisms are under observation. 
Various devices have been worked out for this purpose. A 
stage consisting of two plates, each with a central aperture, 
and so united as to form a tight box through which a heated 
fluid is made to circulate, is probably the best. For tempera- 
tures under 212° F. water is the best liquid; for higher tem- 
peratures oil or saline solutions may be used. 
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For beating objects imiiei' tlie miurosi-ope, we have loug 
i Qsed a thick copper wire coiled in the flat so as to lie o» tlie 
latflgc ami ivith a projectiDg euil wliicli may be heated bj a 
EJamp. It is not difficult to adapt a small thermometer so ils to 
indicate \evj aeaxlj the temperature to which the object is 
■BnljjectoJ, To rcgulato the degree of heat employed we pass 
inil of the wire through a copper tube which is made to act 
B a chimney to the lamp, and by moving this tube in or out, 
"1 on which the object lies may be made more or leas hot. 



Stages for Special PnrposeS' — It may be safely asserted 
that there has never yet been constructed a sfage which would 
BDit the requirements of every worker witli the microscope. 
Indeed, each investigator seems to require special modiiicationH 
of bis own. Thus, it will be found that the ordinary stage, 
with all its appurtenances, is too tliiok to admit the uae of that 
oblique illumination which is required by the worker oil 
ms, while if the stage be uiade thiu enough it lose.s the 
;esBary rigidity. Some makers hu,ye sought to obviate this 
liy supplying two stages— a stout one for common work, and a 
tliin one for diatoms. A m{croaco|ie now in our poBseasion is 
furnished with au extra thin stage, which, by a very simple 
and ingenious device, can be instantly substituted for the heavy 
l©De. The nicroscopo is said to have been nade by Spencer or 
ITotles, and must have been made about the year 1856, or even 
earlier. Thiu stages, on the same principle, called Diatom Slaijes, 
Lavebeen recently introduced by several makers, thus affording 
another illustration of the aphorism thot history I'epeats itself. 
The same object is also attained by means of the secondary 
stage, invenled by Mr. Lewis Butherfurd. This is simply a 
~eton Htage, which is placed on tlie ordinal^ stage, and is 
ed so far above it that the illumiuatioii may be applied 
veen ILetn. Eays of great obliquity may thus be passed 
ingli the object. Bntherfard's skeleton stage forms also an 
admirable ffqr'e'vs'^f'". since tlie object, being held against the 
imder side of the skeleton stage, yields to the slightest pressure 
ol tlie objective. Mr. S|)eneer ha» also taken advantauge of this 
iciple, and so formed the nndet side of the stage in some of 
stands, that the object may be pressed against it by the 
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clips, wliicli tor thiH purpose are puslieil tlirougU from below ' 
npwanls. In focnaaing, tbe objective is piiaseil Otrough tlio 
stage it necessary. Great obliqailj, anJ pertoct safclj against J 
breakage of tlie object by tbe objectire, are secured. Wlien tha I 
micTDBCopist is usiug Talaable slides, costing trom ten to oi 
hundred doUara, the latter feature is one ol great importtince. 

lu many microscopes, liowever — notably tliose ot English 
manntacture — tbe under side of tbo st&ge is not flat and even, 
so that a slide cannot be laid against it. The following simple 
devioe obviates this difficulty: A rectangular plate of metal is 
pierced with a bolg ot the same 
IS tbe interior diameter ot 
\ tbe sub-stage ring of the micro- 
sco2]e, and in this hole is fastened h 
a tube, which just fits this sub- ' 
stage ring. The plate is provided 
with two light spring clijis, which 
hold the object against its under 
side, and it is easy to see that thia 
simple contrivance, whicbia shown 
in Figure 26, serves three very im- 
portant functions: 1. It affords 
means for obtaining light of great 
obliquity, aiuce in reality it forma 
a stage which has no thicUueas at < 
all. 2. It serves ns a perfect safety 
stage, thus enabling us to avoid all 
risks not only to valuable slides, but to stdl moie valuabe ob- 
jectives. 3. It enables us to rotate the object veiy nearly in 
the optic axis ot tbe instrument. 

Tlie centricity ot this ratation is uot sufficiently accorate to 
enable us to meostire angles with any degiee of piecision, bnt I 
it gives us the opportunity of placing Imed diatoms and other \ 
objects in any position in regard to the illumiuating ray. 

Piili-Stage.^The sub-sfage is used chiefly for holding and 
acljnRling illuminating apparatus beneath tlie stage, and may 
justly be regarded us one oE the moat important parts of the 
stand. 
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It forms a prominent feature in the New American Model, 113 
a all Srat-elfiss micfoscopes. 
I In its Buuplest form it consists simplj o! a. sliort tube or ring, 
nrLich is atjacliecl to tlie under eiile of the stage, and is fitted to 
deceive polarizei's, paraboloids, cocdenaei's, etc. It slionld be 
mode removable, so lliat it maj offor uo obataule to tlie employ- 
ment of tlie most obliq^iie ill amiuatton. 

In the New Amciican Model it is attached to a. swinging wm, 
so that the illuminating apparatus, which it carries, may he 
placed at any angle with the optic axis of the microscope. 

"When a mere ring is used for receiving t!ie accessory pieces 
of apparatus, the lotter are acljustcd by simply pusbiog them 
ir down, but a much better plan is to have the ring' itself 
I moveable, as ia the case in the instruments shown in Plates HI, 
LiV, V, and VI. The accesHOi-y is then placed in the ring, and 
latter may be slid up or down the carrying bar, so as lo 
V of pro]}er adjustment. A still I>etter plan is that shown 
b Flote I, where the distance of the sub-stage from the stage 
my be adj'ttsted hy means of a rack and pinion. 
i In any cose the sub-stage itself, or tlie apparatus which it 
i, should have fuciUties for aecui'ately ccutering the 
s pieces of illumiuntiug apparatus. 



The Slirror.— The mirrors employed for Olumiuating 
lioroseopic objeefH are either plane or concave, and in tlie 
:tei' class of instruments both kinds are provided, while the 
leaper fonns of the microscope have only the concave miiTor. 
plane mirror reflects the light just as it falls on it — that is 
say, divergent rays (as fi'om a lamp] remain divergent after 
and parallel rays [as sunlight or roys from the bull's- 
eye coudenser) remain parniiel. The concave muror, on the 
other hand, causes parallel rays to converge and meet at a point, 
while other i-aja are rendered either less divergent, parallel or 
convergent, as the case may be. It is very important that tlie sur- 
faee of the mirror should be accurately formed, and therefore in 
nil good microscopes they are made of glass, which has been 
Accurately ground and polished. Blown or cast gloHS will not 
inswer. And as the quality and quantity of the light is gftatly 
^te^l by the i-eflectiiig surface, the best miiTora are silvered 
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«itb pure Hilver, iusteail of with tLe amalgam of tin and 
mercury, ordinarily nsed; The min-or should ba ao hung that 
it may throw a beam of great obliquity through the object. la 
many eases this ia absolutely necesaaiy, and avea for ordinary 
work it is of great advaiitase, since it not only enables us to 
resolve lined ohjeets, but to secure important changes in tba 
illaminatiou of common objects. A very fair tiarb ground 
illumination may he aecui'ed if the light is so oblique that none 
of it can enter the object-glass directly. 

The mirror should not only be hung so as to swing to any 
angle, but it should be movable on the mirror-bar so that the 
rays which it reflects may be brougitt exactly to a focus on the 
object. This is done by sliding the mirror out or in, according 
0.^ the rays are more or less divergent. 

The concave mirror should be large, so that it may collect 
plenty of light. The plane mirror may be small without much 
loss. The concave mirror is freqnenUy used foi; the illumina' 
tioa of opaque objects, as when large it concentrates the light 
very strongly. For this purpose it is either mounted on a 
separate Btand, or the mirror-bar ia so hung tliat it may ba 
turned up over the stage, bo as to reflect the light down upon 
the object. 

The Body.— The only points connected with the body of 
the microsco])e nliich require consideration are its diameter and 
its length, and tkcso must of necessity, vary so much according 
to the purposes to which the microscope ia to he applied, that 
no rnle can be laid down. Pocket microscopes are of necessity 
small ; microscopes intended for u»e with objectives of low 
]>ower and large angles, must have a large diameter. Aiid since 
the dist^ee of the eye-piece from tlie objective affects the eor- 
I'ection of the tatter, it has been found necessary to adopt a 
standard length of body. This has been flsed at ten inches in 
this countiy and in England. On the continent of Europe, 
eight inches is t!te length that has been adopted, and most of 
-the continental objectives are corrected for this length of body. 
Provided it is large enough to take the neiv broad-gauge screw, 
the diameter is not of very gi-eat importance in bodies of 
moderate length, but Beale tells us that in liia long tubes, in- 
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I tended to produce gi'eat magnifying power, a diameter of two 
to two-and-a-half inches was found to be absolutely necessai'y 
to prevent the glare arising from iutercol refloction. An ineh 
and a quarter is a good size for ordinary instruments. Since a 
very long body is inconvenient when the microscope is naed in 
a verticBl position, the best inatniments ore forniahed with a 

Draw-Tube, whereby the length of tlie body may be 
vai'ied at pleasui'e. . Aa explained in a former paragraph (page 
20], when the distance between the eye-piece and the object- 
glass is increased, the magnifying power is iocrcoRed also. 
The draw-tube, therefore, gives ns the means of varying and 
adjusting the magnifying power of the microscope, and this is 
sometimes of great use. Thus, au[]pose it were required to 
draw an object to a scale magnified exactly one hundred diame- 
tere ; it might be impossible to procure aa eyc-pioce and an 
objective that, with a flied length of body, woald give exactly 
this amplification, but when we are able to vary the magnify- 
ing power by changing the length of the body, it is easy to get 
at it exactly. This, however, is but one of many advantages 
afforded by the draw-tube. If the objective be good, and the 
eye-piece not very high, an easy and very satisfactory way to 
iucrease the magnifying power of the microscope is to lengthen 
the body by means of nn additional tube, which may even be made 
of smooth paiwr. But it must be borne in mind that any change 
in the distance between the eye-piece and the abjective affecta 
the corrections of the latter, just as a change in the thickness 
of the covering gla-w would do. Consequently, unless the ob- 
jcetive has a considerable range of correction, it may be impos- 
sible to get good results when a very long draw-tube is used. 
On the other hand, the draw-tube may be used to good ad- 
vantage as a means of coiTecting for covering glass when non- 
ndjustiug objectives are used. Wo have a one-fifth objective 
now before ns, with nhtcli we can see clearly the Hues on the 
P. angulalum on the balsiam Probe Platte when the draw-tube 
is out, but when the tnbe is pushed in, the view is foggy and 
indistinct. This is due to a disturbance of the corrections. 

idea of all draw-tubes and bodies should be well 
■ When bright or while the glare greatly injures the 
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defiuing power. "When tlraw-fubes 

arrangeil tbat tliey rub ngaiust tlie ii 

ttiey are iusorteil, tbey invariably make the latter bright by I 

friction, Tiiey bIiooIiI, therefore, always slide ia a collar. 

It Ib always well to have the lower end of the di'aw-tube {-ar- 1 
uished with the Society screw, as by tliis means it is soiuetimes 1 
possible to nso objectives of gi'eater working distance than | 
could otherwise 1>e employed, and thia armngement also affords I 
facilities for tbe use of omplifiei's, erectors, etc. 

Adjustments for Focussing. —In the cheaper forma of 
the microacupe tlie ailjiistment is made directly by baud, one 
tube eliding within another. In a better class of iastrinaeuta 
the objective is brought nearly into position by sliding the 
body through an outer tube, and then the final adjustment ia 
made by means of a screw or other mechanical meaus. But in 
all the best microscopes, the coarse adjoetment, as it ia called, 
ia made by meaus of a rack and pinion, while the fine adjust- 
ment is made in the manner just mentioned. Instead of a rack 
and pinioD, a chain is sometimes employed, and the coarse 
adjustment is also made in some cases by screws of very wide 
pitcii, and similar devicps. Nothing, however, can equal a 
smoothly cut and well-fitted rack and pinion. It is sometimps 
alleged that the chain is more delicate, but this is not bo. We 
have now in our possession a cheap, but well made microsoope, 
the rack and pinion of which is so delicate, that with it we can 
focus an objective of an eighth of an inch focal distance with 
sufficient accuracy for all ordinary purposes. 

For ordinary purposes, especially the work of the physician 
and medical student, the course adjustment may be more easily 
dispensed with than tlie fi.ue one, but at tlie same time it must 
be remembered that any mode of adjustment in which the body 
is liable to turn round, is incompatible with the use of many 
important pieces of apparatus. Tlius, for example, any turn- 
ing of the body iuterferes with tlie use of the doable nose- 
piece, the polariscope in its higber applications, Prof. Smith's 
opaqueilluminator, etc. A ruck and pinion, or its equivalent., 
should, therefore, always be chosen, especially as it does not 
add more than five or six dollars to the cost ot the inatroment. 
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Of (ieTiceB for fine luovements t 
plan is to place the object upon a 
and move it towards the objective by means of a fine screw. 
This 18 a cbeap and convenient method. It has been objected 
to it that the object is " tilted," 8S it were, but thia is imper- 
ceptible in practice, and causes no difficulty. The objection 
is., that when tlie object moves, many of the finer methods of 
illumination are disturbed. Another common plan is to make 
the nose-piece, which holds the objective, movable. This alters 
the length of the body, and changes the magnifying power 
every time a change is made in the focal adjustment. This 
oLange ia too slight to be observable, but it is sufficient to inter- 
fore with delicate micrometric measoreraenta.* 

To avoid this difficulty, the entire body and its attachments, 

iclnding the coarse movement, are carried by the fine adjust- 
In its general features, this plan is a very old one, and 

least a dozen modifications of it have been devised by dif- 

rent makers. As usually constracted, the body is raised by 
lever, the long arm of which is acted upon by a 
delicate screw. A stroug spring is arranged to loicer the body, 
and as the spring RiHlntaiDs a coutianous action, all lost motion 
]H prevented. In the fine motion used by the Banach & Lomb 
Optical Co., and which was invented by Mr. Gandlach, the body 
ia Buspeoded on two pm'aUol sppnga, slides on carefully planed 
ways, and ia moved by a fine screw. 

Objectives of large aperture are so sensitive to slight varia- 
tions in focal adjustment, that it is difficult to get a fine adjust- 
ment snfficieatiy delicate. Mr. Gundlach has recently at- 
tempted to increase (his delicacy by using the well-known dif- 
ferential screw, and with very satisfactory results. 

In judging of the quality of either a fine or coarse adjuFttment, 
the points to be observed are the delicacy and accirracy with 
wltiolt the objective nuty be moved to and from the stage, and 

*tt has been alleged that tbia inoreii«e or denreaseof magalfyingpower 
i« more apliarent with the blj^ber pnwura tban with the lower {lowera. 
Indeed, It luu beeu said that witbhigU powera the chauge of muKnifjtug 
is quite iiDrceptiblD. This, of coarae, ia mere iraagiaatian, as any 
aricbmeticnl turn of miud cau see. Indeed, the fa«ta would 
be rather the other way. 
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the fi-eeiloni from twist or aii]'aiei)t lUspiaeeraent of tlie object. 
Tn man^ micvosf^opea, wlieo n bigli power is ased, and the 
body is moved, up or down for the puipoae of adjusting the 
focTis, the object is autnallf tlirown oat of the field of view. 
Such a microscope should be at once condemued. 

Whatever be the nntni'o of the fine or coarse odjuBtment, B6e 
that the 1>ody has snlTicient mnge of motion to allow of the use 
of objectives uf coniiiderable working diatauce. 

The Diapliriieiii.— Nothing tends bo mnch to obscnra our 
Tiew of tlie finer poinis of structure iu any object as to have 
them " drowned " iu a siiperabusdauce of light, consequently 
ill order to teguliit'j the amount of light which passes through 
the object, a dinphragm is employed. As ordinarily coa- 
Btructed, ib is simply a metal plate phtced below the stuge, and 
pierced with lioles uf vttrious sizes, which may be brought ex- 
sctly under the field of view, the small holes allowing but a 
small nmouut of light to pass, while the large ones admit a full 
stream. Ciinaiderahle difference of opinion eiiats amoDgst 
microMopisis in regard to the proper position of the dia- 
phragm. Thus Carpenter says (page 133) Ihat unless placed 
half an inch below the object it is comparatively iiiopefalive. 
Continental histologiats, on the other hand, allege that it is 
useless unless plitced close up under the object Microscopes 
constructed according to both these plans are to be found in 
market. "Wiiere the microscope is furnished with a sub-stage, 
the distance of the diaphragm from the object is variable at will. 

It is obvious that when the diaphragm is placed at a consid- 
erable distance below the object, the ilhimication is purified, 
as it wer.', from all cross rays. When the diaphragm is placed 
clase to the object-slide, the illuminated field is contracted. 
The action in tliis case, however, is somewhat complex, 
owing to the influence of the slide in modifying the course of 
the raya. 

Several yery ingenions forms of Iris or graduating dia- 
phragms have been devised, by which the size of the hole may 
be changed without iuterrnpting the observation. They aie 
exceedingly convenient, and present advantages which more 
than counterbalance the cost. 
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ObiectiTCS.— These aiu confeHsedly the moat important 
potts ouuuected with the micrueoope; thej therefore deaervo 
the greatt;at cure in their sekctiou. In a former sQClioB, ve 
fullj explained the general characteristics of the different, 
Idnda of olijectifes in market, and detailed the best methods of 
of testing thcni, A careful atudy of that cliapter will, we hope, 
enable the beginner to avoid a glass that is absolatelj bad, 
tboQgh we must acknowledge tha,t all experienced microscopista 
are agreed that no amount of mere reading will enable a 
novice to pronounce a correct jndgment upon the quality of an 
objective, unless its defects ahonid be very glaring indetd. la 
ihia place we shall confine ourselves to a few hints in re- 
gard to those feutnres which adapt objectives not only to 
apeuiul kiuds of work, bit to the skill of different classes of 
workers. For it is an undoubted fact that objectives which in 
the hands of skillful microscjpists, and on certain classes of 
work, would give extraordinary results, would in other hands, 
and for other purposes, prove of far less value than lenses of 
what is commonly considered a greatly inferior grade. 

We do not here propose to take part in what is called the 
''battle of the object-glasses," auch a discussion being out of 
pliice in au elementary work like the present, but we think few 
will be hardy enoagh to deny that one who has a tasto for such 
things, bat has neither the mouej required to purchase a first 
class glass, nur the time necessary to acquire the retiuisite skill 
to use it, had better work with a cheap French triplet than not 
work at all. Moreover, it is astonishing how tar patience, skill 
and experience will go to make up for a deficient instrument, 
while at the same time, it is unfortnnutely true that some who 
possess the very bust gUsses, and have done the most to 
throw ridicule upon all work done with inferior lenaea, have 
never made a single contribution of the slightest importance 
to any department of microscopical science. 

In a former chapter we discussed at length the different 
qualities of object-glasses, and showed how these various quali- 
ties might exist in very different degrees in different ob- 
jectives. It is, of course, obvioiis that the extent to 
which any one quality should be sought in a particular 
Blass, moat depend altogether upon the kind of work that ia 
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to be doDa. To those who are adJioted to wliat Holmes ooUa 
"fighting objeetivea," resoliitiou will be the quality to be 
desired; others will prefer penetration, flitnesa ot field, etc. 
In our eatimatioa, fur the purposes of ordinary aoicntifio wurk, 
we woald assign to these qiifilitiea Tuliita iu the following 
order: 1. Deflaiug power; 2, Freedom from oberratiun ot 
form; 3-4. ReBolation or Penetration; 5. 'WorkiDg distuBoe; 
6. Acbromatism; 7, Flatness of field. Theflrstquiilily thatsliould 
beaecnredineverylens is undoubtedly defining power, and thia 
Trhetber its angular aperture be Ligli or ]ow. AeUromatism we 
place low in the scale, because unless so uioi'ked at to injure 
the definition, a little volot does do hatni. Flatucss ot field we 
place last, because it will be found that perfect fi.itnees of field 
is Tery seldom combined with first rate defiaition. Indeed, we 
have heard one of the most celebrated makord of objeetivea 
Bsaect that the two qualities aro to a aert^iiu extent uutagouistia. 
In giving advice iu regard to the seleotiou of au objective, 
one of the points concerning wliich it is most dilflijalt to arrivu 
at a decision, is that of angular aperture. Fortuuntely, however, 
experienced microsoopiats may safely be left to decide this qaea- 
lion for themselves, and ainae those who have had no experience 
will find it difficult to use objectives of very wide aperture, it will 
certainly be prudent for them to choose those ot moderate angle. 
Objectives of very liigh angle are worthless, unless the illumina- 
tion is well managed, and the atljustment for thickness ot cover 
Xiroperly regtilittcd. Oathe other h^ad, a good nou-adjiistiag 
lens will give very fair results, with but a moderate amount ot 
skill on the part ot the user. Almost all our best makers now 
produce objectives of moderate angle, which do not adjust for 
thickueaa of cover, but wliicli hive consiJeruljla resolving 
power. We have now before us a one-fifth whiish cost) bub fii- 
teeu dollars, and which will easily resolve the P/eui-o.'iJ^iRa An- 
giAitum by contra! light. An important poiutfor cousideration 
will, of course, be, whether or not the gLuas is iutended for 
original work, or merely for the study or examination ot wall 
known objects. The work of the physician is ohieflj amongst 
well known objects, and may be very satis faetorilj accomplished 
by meana of good non-adjusting objectives, a great point 
f avor of auch glasaea being that work may be done with them 
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more rapidlj than vitti glasses that lequire greater care and 
Ekill. The same ia true of the elementar; stuilies of the bot- 
aniet and hiatologiBt, carried on under the guidance of a com- 
petent teacher. And as la b11 such coses it is eaaj to find out 
the special thickness of glass for which the object-glass baa 
been corrected, and to provide a supplj of the proper thickness, 
the absence of a means of adjustment for cover thickness ia not 
Ter; important. Bat for all the higher -class of studies, good 
glaases, with well-made ndjustments for thickness of cover, are 
indispensable.* 

Objeotivea of vary low angular aperture, are, however, to be 
carefully ovoitled. There is a want of light, and an indistinct- 
ness which readers them worthless. It is geaerally said that 
the aaperioritf of large angles is most mtrked in the objeetives 
of high power, and that for low pow..T3 the c immon objeotivea 
do very well. In our jndgmaat, h)WJvor, tbe snperioritj of 
the low powers i^ quite aa marked as th:it of the higher ones, 
and much more available to the beginner. It is true ttiat the 
superiority of a well made one-sixth of high angle, over any 
triplet of wh^'ever fooal length, is immeosarable, but at the 
Bome time it is equally true that the view of an opaque object 
seenthroaghau inch-and-a-half objective, e.irotully corrected, ia 
as mnoh superior to the siim:! as eeeii throngh a common triplet, 
aa it is possible to imagine. We have now before us a spcoi- 
men ol bone of very open structure, mounted as an opaque 
object. Seen through a first class inob-and-a-half objective, it 
presents almost a stereoscopic appearance, and the entire struc- 
ture ia easily made out. The viewaffordedby a very fair French 
triplet (No. 0) is so markedly interior, that any person who 
should see the two would never again use a cheap objective, it 
. be ooold afford to get a good one. Moreover, the objection 
which we have just urged against objeotiveB of high power, and 



'It U not long EiDce a proteBiionai miiker of micrasoopos, ajid on 
■eemi to stand high ia tbe f^Tor of tb? medicHl prate Bsioa, triod ti 
saade the author Ibat the coTcrtng-gliiES eirrclsed no iuflnecce d 
■ctloQ of the objective, md that a iion-ndjnsting glass coaUl bo 

li iBgre&t arcBolviDg power, as one conBlmcted bo » la a4t' 
different thickneases of covering gliBiiJ To such men, a ' 
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yiiHe Angle, viz., that tliej nro difBjnlt to use hj noTices, does 
not liold ia'tbe case oF low poivurs. A goa-l incli, of aompare- 
tiyelj high angle, ia more easily naeil than a poor triplet, 

A question wliicli haa consideiably occupied tlie attention of 
microscDpists, is the valne of objectives of higli povcr, and their 
lifideacy aa OkimpAred with tho^a ot loirer denominations. 
That in many ctses considerable amplideatian or magnifying 
(joweriaabsolutd^ ne&easary, admits of no doubt; but the ques- 
tion to be settled is; suppose that we wish a power of 2,000 diame- 
ters, wonld it be better to get this liy means of a tenth of au inch 
objective, magaifying 100 times, and a half inch eye-pii-ce mag- 
fjing 20 times, or by a twentieth of an inch objective maguify- 
iug200 times, and an inch eye-piece magnifying ten times ? 

It is not very m my yeiirs ago since one ol o.ir ablest Ameri- 
can objective ia:kkers held thjt a lens of a quarter of an inch 
focus might be made to do anything that a Lena of any power 
could be made to do, and the grouaJ of this opinioa was that 
the iudividaal lenses of objectives as low as a fourth, could bo 
made bo much more perfect than the smaller lenses of higher 
powers, that this perfection more than cjunterbalancud the 
greater magnifying power of the objective of sliorter focus. 
The reasoning here seems sound and obvious, but it has been 
found in practice that for everything except resolution, the limit 
to which the power of objectives may be carried, is far beyond 
a fourth. For resolution it has, we believe, been found that a 
well made tenth is capable of doing anything that any lens can 
do; for other kinds of work sixteenlha and twenty-fifths, and 
even fiftieths and eightieths have been declared to possess 
advantages that are obiious. This, however, ia one of those 
points upon which authorities diSer; Beale, foroiample, favors 
high powers; Carpenter and Fi'ey seem inclined to think that 
very high powers show nothing that cannot be seen by means 
of objectivea of greater focal length. 

French objectives of the numbers 1, 2, 3 and i, if carefully 
selected, are capable of doing really serTiceable work. A few 
years ago, aome of the best known makers of American micro- 
Bcopca used nothing else, even in microscopes costing $150, but 
this course we oau scarcely regard aa judicious, for whenever 
the microscopist is prepared to expend $73 or more for a mioro' 
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scope, B. large part of this 8u.ui tiLiou]d bo laid out in the pur- 
chase of objectives of tbe better class, the one-inch and oiie- 
fourtli, or the Ihree-foutths and one-filtii being those that are 
usDallj Hslected by beginners. 

French triplets are, however, going rapidly ont of use, from 
the fortunate circumstance that objectives of low price and 
eicellent quality are now produced bj several makers of repute. 
It is well, however, for the reader to be on his guard agaiust 
a fraud which has been but loo common of late yeare. Some 
so-called opticians go so far as to add a little brass-work and 
engraving, and sell these French triplets as objectives of Ameri- 
can make. We do not here refer to the mere operation of attach- 
ing the objective to anadapter, and fitting it in a brass box, for 
this adds greatly to the convenience with which such miaute 
objectives may be handled and preserved, but to a sort of 
"making over," by which they are completely disguised and 
made to resemble tbe objectives of English aud American 
makers. It is hardly necessary to obarauterize such a pro- 
ceeding. 

I £fe-Pieces.— The eye-piece that is at present almost uni- 
' yeraally used is the Hnyghenian, which, when well made, gives 
very excellent results. In .the use of low powers, wheie a very 
flat and large field is desirable, tbe Hnyghenian eye-pitce fails, 
and the same i^ also true in regard to very high magnifying 
powers, where the culargement is obtained iu a great measure 
by means of the eye-piece. The extent to which the definition 
ot really good objectives is deteriorated by tJie use of eye-pieces 
' of great msgnifyiug power, and the loss of light which they 
occasion, render them practically useless. For high powers, 
tbe solid eye-pieces of Mr. Tolles are vastly superior, while for 
low powers, vthcre a large Ant field is desired. Seiner's ortho- 
Boopic eyepiece presents iniportjint advantages. 

Mr. Gundlach has recently brought out a new eje-piece, 
which he has named the periscopic, and for whieli a large field 
aud excellent difiuition ore ckimed. They aro much more es- 
peuaive than the Huygbeniun. We Iiave not had an oppor- 
tanity of examining them carefully. 
la determining the quality of an eye-piece, attention is to be 
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puid not only to Um genorul eicellence, Imt to its adaptability 
to the objectives that are to be used with it. In tlie higher 
departments of microscopy, the latter is a most important point, _ 
liut one which is too frequently neglected. It does not, how- 
(ver, come within the scope assigned to the present work, and 
we, therefore, content ourselves with a few general hints. 

Thelensescomposingtheeye-piece.shoiddbe of homogeneous 
ghss— thntis, free from air-bulibles, epecks and striie, and the 
surfaces should be well pohshed. These points require atten- 
tion, because we hive in our possession a microscope in which — 
though it cost enough money to be free from such defects — 
tliey are glaringly apparent. Oa looking through the eye- 
piece at a strongly and evenly illuminated surface, the entire 
field of view — that is, the whole of the bright circle that is 
seen, should have the light evenly diffused over its surface, 
and the edges or border oE this circle should be sharp and 

Eye-pieces intended for firat-claas objectives should give a 
l.irgQ field of view; but on the other band, it French objeotivea 
be used, the field of view should be small, otherwisa the defi- 
nition will be poor. Tbia is a point that is frequently over- 
looked, and we have seen very fair object-glasses condemned 
Bs worthless when used with a stand and eye-piece intended 
for objectives of an entirely different class. It is an esay thing 
to contract the field of view, by means of a round piece of thin 
sheet metal, having a hole of proper size in the centre. As pre- 
viously explained, snch apiece of metal is called a diaphragm, 
' and should alwajs-bewell blackened. 

iTlie magnifying power of every microscope depends upon 
three things: The focal length of the objective, the length of 
the body, and the eye-piece. | ' Most microscopes are, therefore, 
furnished with several eye-pieces, whereby the magnifying 
power may be varied. There is, however, a limit to the extent 
to which this may be done. The image obtained by very deep 
eye-pieces, as they are called, is rarely satisfactory. 

The different eye-pieces are generally denoted by letters — A, 
B, C, D, etc. A l>eing the lowest, and B, C, D, etc., successively 
higher. Some makers use numbers— 1, 2, 3, 4, ~' 

letters and number, are, Lowever, entirely arbitary, in this point 



I 



7d' I 



^^ «pp 



127 

iiembling tlie ntiin'ierB asaigned to objeotivea by continental 
Liters. A great improvement npon this arliitrary and tiiicer- 
system ■would be to assign to each eye-piece its proper 
•r exprt'BseJ in inches. Thus, an eye-piece magnifying the 
aamo aa a simple lens o! two inches focuH, shonJd be culled the 
two-inch eye-pieee. 

Andhereletus call attention to the terms deep and shnllow, as 
applied to eye-pieces. By all authors of repute, a deep eye-piece 
of great magnifying power, while a shallow eye-piece it. the 
e. See the Micrographio Dictionary, and the workaof Car- 
inter, Beale, Lardner, Frey, etc., etc. It is, therefore, singii- 
that Dr. Lankestei, in his popular little work, " Half-Hours 
with the Microscope," should have committed the mistake of 
giving definitions exactly the opposite, upon the ground 
that eye-piec63 of great magnifying power are always short, 
while low eye-pieces are always long. It is evident, however, 
.that the terms are liable to give rise to confusion, and we pre- 
the words high aad ^oic— the meauing of ivhichis bo ob- 
ns B8 to require do explanation, as every body knows what 
high magnifying power is 

While clearness of definition and resolving power are the 
most important qualities of eveiy good mictoEcope, magnifying 
power ia also of considerable cousequeuce, as explained in a 
former section. Therefore, every good microscope should be 
provided with at least one eye-piece of considerable power. It 
often happens that with the objectives and eye-pieces at hand, 
the amplification, as it ia called, or, ia other words, the extent to 
which the object is magnified, is not snfljciently great to enable 
na to make out its structure, while the objective has sot Ly 
any means reached the limit of its detining power. In this 
case a high power eye-piece, which costs comparatively littli', 
vill greatly extend our power of euccessful examination. 



ACCESSOET APPAEATUS. 

Every microscope should be accompanied with certain pieces 
I of accessory apparatus, which are necessary for the convenient 
■ and thorough examination of objects, but which do not furm 
F "[lart of the instrument itself. Some of these are intended for 
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tLe better illiimiuation of the ob- 
ject, and will be described la the 
eectioa on " Light;" otiiera are used ' 
for tlie pi'ocuring and preparatioa 
of objecta, aad will be described in 
the flection devoted to tbst subject. 
The followiDg are employed chiefly 
for holding anil presenting objects 
that liava not been " mounted;" 

Stage Forceps.— This little in- 

Btnimeut atcomimijies tLe oldest , 
^ microscopes. It cuuHista of n pair 
S of veiy delicate forceps, Bwch &s 
« those attached to the forcepa-e 
" rier in Fig. 27, whiah close by the 1 
S -epring of the jaws, uud hold any ob- 
B ject that may be pliiced in their 
» grasp. They are opened by pressing 
a on tho pins whiiili are seen at the 
^ sides. They are in general fastened 
^ to tue microscope by being stuck 
^ into a hole in the stage, and the 
■t object may not only be moved back- 
t:; ward and forward, but it can be 
turned round. The better class of 
foiceps cany a small braaa tube 
(shown in Fig. 27) which is filled 
nith eotk, and which serves to rd-' 
ceive pins, etc. , tor holding insects, 
and other objects. 

Foi eepa-Carrier. — However 
wetl mude the forceps may be, it is 
almost impossible to elide, with suf- 
ficient dvheapY, the rod through the 
tube that ho'lJs it. Cunsi quently, 
it is exceedingly diflicult to bring 
into the fluid of view, the eiact part 
□f the object, that we may wish to 
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examiiie. To avoid this difficulty, the author, iaatead of iuBert- 
ing the pin of the forceps in the stage, provides a special foi-- 
cepH-carrier Hke that shown in Pig 27. Ttiis consists simplj' ci 
ametal plate, the size of an ordinary slide, snd having a hole in 
one end to receive the pin of the forcppa. A large hole is 
pierced through the centre, to allow the passage of light from 
the mirror when that is needed. This plate is pbtc«d on the 
stage like a common shde, and it can be moved with as great 
delicacy as any ordinary object. The mode of uBiog it is too 
obvious to require further ezpLination. We Lave found it ex- 
ceed ingly convenient. 

Object-Holder.— The importance of being able to present 
au object to the light in hi! directions is well-known to every 
microscopist. Mnny yenrs iigo we devised nn object-holder for 
effecting this, the conBtniction of which is very simple and in- 
expensive. It consists of a slip of metal, the size of on or 
dinary sbde — three inches by one — having a hole in the centin 




and a short pillar rising from one end, us shown in the en- 
graving. Fig. 28, which gives a sectional elevation of the 
instmmenL Tlirongh this pillar rnns a wire, carrying at one 
end a milled head by which it may be turned, and at the other 
a ring which holds a perforated block. This perforated block 
haa a milled collar on the lower end, so that it can be readily 
turned in the ring that carries it. The hole passing through 
the block is just the size of a stout pin, so that a disk of card 
or leather, with a pin through it, will be held steiidily when 
the pin is inserted in the hole. The object to be eiamiued is 
attached to the surface of the card, by means of balsam or mu- 
cilage, and it is obvious that by the combined rotations that 
may be produced by the two milled heads mentioned, it may 
be exposed to the aotiou of the light in any desired manner. 
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Tbe cbBnges which are producej in Bome objeota whentha 
light is muile lo full on then in different direcliona are very 
markPtl. Thaa, foe eiamiiln, lUe mineral known aa specuiir 
iron ore, whtn illuminated b; light fulling on it in one direc- 
tion, ix brilliant iu the extreme, while when the light falla in 
other direclions it ia dei.d and lustrelesB. And as it is not 
always convenient to change the position of the lump, it is a 
great advantage to be able to turn the object round. The sim- 
ple contrivance jnat deacribeil enables us to do this perfectly. 

A more perfect arrangement, intended for the same pnipose. 
has been deviaed by Mr. Beck, of London. Mr. Beck's ib, 
however, more expeuaive than oura. 

PlaiD Slides.— The common plain alides serve very well 
for ezauiiniug ordinary deports in liqnida, Tliia is particu- 
larly tlje case wbere inanimate objects, vegetables and minerala 
are lo be examined. Active animals require some contrivjnce 
for keeping them Btill. 

-The CoDcave Slide, as it ia called, is simply a thick 
slide with a cup-like hollow ground in the centre. Such slides 
are cheap, and very convenient. A drop of water placed in one 
of these concaves, and covered witti a thiu glass, may be exam- 
ined easily and thoronghly with moderate power. It ia 
sometimes desirable to empliiy a cell with a perfectly flat bot- 
tom of very thin glass. Sucb cells may be easily and conve- 
niently made out of a slide of metal, or preferably of vulcanite, 
throngb 'which a hole the size of the proposed cell has been 
pierced. A piece of tbin glass may then be cemented to the 
under side of the slide, so as to form a water-tight cup. The 
hole in our slides is round, and has, on the under side, a seat 
or ret)ate, a litlle larger than the hole itself. In this rebate a 
round glass cover fits, so as to leave the under side of the slide 
perfectly smooth. Such eella are very couvenieut, aa they are 
easily cleaned, and are not difficult to repair when the thin 
glass gets broken. The liquid is also easily covered by means 
of a thin glass cover, and when full, considerable inclination 
may be given to the slide before the liquid shows a tendency to 
Yutions other devices of a simple kind may be con- 
trived by the microscopist for similar purpoaea. 
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Watch-GlasBCS. — Cr- Beulc recammenda small fiat watch- 
glsEses lor holding liquids lliat are to be examined, nnd ve 
liBve found them very excelieiit. The beat kind for thiapoi- 
poee are those knoifn aa Imietli ghisses, ^rLich nre nearly flat on 
the bottom. They are awkward thiBga to mauipiilate,' Low- 
ever, unless Bome means is provided for holding them steady. 
Bnd moving them about on the stage, ,We use (or this paq)oce 
a btrip of wood, tbree inches long, and so wide tlint we can 
easily bore in it a hole, about one-eighth of an inch less in 
diameter than the watch-glaaa, of which thenmallest size should 
be chosen. The thickness of the strip shuulil be s;)ch that 
when laid on any flat surface, the watch-glass will not come in 
contact with iL Glasses held in this way are very conTenient. 




Watch-glaflBes are very convenient for examining a "dip" from 
a pond or stream, but tor this purpose they require a holder. 
The little inatmitient shown in the cut is formed of three pieces 
of bright tin, which are hinged together. In the upper piece 
'.a oat a hole just large enough to receive a watch-glass. Aring 
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of metal of proper height HurroDcdB this hole, snd forms a 
perfect protection to the glasx when the iustnimpnt is carried 
in tha pocket. The lower slip of tin may be adjoated to anj 
angle, and by tiiraing towards the proper direction, the light 
of any bright cloud may be rejected up through the liquid. 
All the joints are made stiff enougli to remain in position when 
once adjusted. A wutch-glaas arranged in this manner holds a 
liberal supply of liquid, so that an entire "dip" may be 
readily examined at once. We have found this little contrivance 
far superior to more eipensive arrnugementa. It packs into 
small oorapaas, and ia safely carried. 



Animalcule Cage.— This f< 

for holding animalcules that are 
tion on slides, or in watch-gla^ 
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a, very excellent means 
too active to allow of observa- 
A good idea of ita con- 
struction may be ob- 
tained from the 
graving, where it will 
be seen to consist of a 
plate of metal, three 
by one inches, to the 
Fig. HO — ANra\[,(.i:LE c^ge, centre of which 

fixed a short tube. I 
the upper end of this tube is fastened a beveled piece of glaai 
and a second tube fits over the flrat, and has a thin glass oovt 
secured in its upper end. The animalcule ia securely held 
between the two pieces of gloss, and the lower glass being 
beveled on the edge, a drop of liquid placed on it is held bi!- 
tween the two glasses by capillary attraction, and cannot spread 
over the inaid^ of the cage. This point ia generally neglected 
in the cheaper forma of the cage, in which the lower glas 
ia simply a plain disc bumisbed into the upper end of the 
inner tube. The conaequenoe ia that when the two glasses 
brought together the liquid flows over the entire inside of the 
cage, and the objects are liable to be Qoated out and lost, 
it is importaat that the distance of tlie two glosses from each 
other should be eaaily and accurately regulated, the outer tube 
should be elib, so aa to make it springy. In this way it may be 
made to move with, a soft and equable motion. 
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plate IB kept firmly up to its pin 
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The Zooplijte Trough.— Tliia little piece of apparatus 

is aimoBt iudispeasEible to those wbo desire to trutoL the growth 

aod development of tLe Lirger auimalculea and small aquiitio 
plants. Several forma are in 
common use, tbe moat oom- 
plete beiug fhat shown in Fig. 
31. The troiigli itself is eim- 
ply a glass tank, to wliicU ia 
fitted a slip of tLin plate glaE.i 
that aclB [IS a division, and 
enables the observer to keep 
the olij-'cts aloae up to the 
front pkte. .The distance of 
the dividing plate from tlie 
front plate is regulated bj an ' 
ivory wedge, and tlie dividing 
ce l>y means of a spring. Thia 

contrivance enables us to regulate the tiiickness or widtli of the 

tank, BO tLat the interior of the vessel raay be made so large 

that it can be ensily cleuned. 

A smaller and simpler form of the Zoophyte trough 

is shown in Fig. 32. It consists of a simple glass box, 

open at.tije top. The back 

of tlie box is formed of a 

stontish piece of plate glass, 

to which ia cemented three 

glass strips, forming the 

bottom and ends. Ilio front 

is formed of glass as Ihin as 

ia compatible with durabil- 
ity, and is also cemented to 

the end pieces. The ividtli 

of the trough from front to 

back is generally from an eighth to a quarter of nniach. When 
trough is filled with water, and living animals are placed in 

it, their changes and movements may be very readily watched. 
Small troughs, such aa that jrist described, are not difficult 

to make, though the very low price at which they are sold (60 

ceots to $1.00) renders it scarcely worth the while of ordinary 
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microscopists to construct them for tliemaelres. Where thJH is 
desirable, however, the best mctUod of making tliem ie ob 
follows : Select a piece of pUto glass, of the tbicknoss of as 
ordinarj' elide, and cut it about tbree inchca by one and a qnar- 
ter. Tlien nelect another piece of glass, as tliick as the trongh 
is to be deep (from front to back), and cnt it to the size of tlie 
outside of the trough. From the bottom of this piece of glass 
cnt a strip a quarter of an inch wide, and from the sides also 
cut strips of the same width. The centre piece mtij now be 
thrown aside, and the ends of the bottom strip will make a 
tiglit joint with the side strips. Tho three strips should then be 
cemented to the large plate, and over thein should be cemented 
a piece of the thin glass used for covers. The strongest cement 
is marine glue, but it is somewliat dif&eult to use by those . 
who have had no eiperienee. Prof. Starr, who is well known 
tor his snccess in keeping and exhibiting living miorosoopie 
objects, nses old Canada balsam, and we have seen a large 
Tarietj of microscopic animals and vegetables which had been 
kept for mouths in a healthj condition in such troughs oi 



Bottrell's Zoophyte Trough.— A serious objeation 
to the troughs which we have jnat described is the difBonlty of 
cleaning them, and of repairing them when broken. To avoid 
these difBcultiea, Mr. Bottrell has devised the little piece of 




apparatus shown in Fig. 33. This trongh consists of two glass 
plates, which are separated by a semi-ring of vulcanized india- 
j-nbber, against which thfij are squeezed so firmly as to be 
watertight, by means of two vulcanite plates, held together by 
screws with milled nuts. Tho front plate may be made of 
thick or thin glass, as desired, while the depth of fluid em- 



ployed may be regnlated by the tbickneaa or number of semi- 
ntigB of rubber placed between the glass plntes. 

By means ol the three Bci-ewa with milled nnta, the trough 
may be taken to pieces in a few secoada, and as easily put to- 
gether. In this way it is easy to clean the inside of the gloss 
plates, to replace broken ones, etc., etc. 

Tbe Weber Slide.—This ingenious device consists of a, 
common alide, rather thicker than usual, m tbe centre of which 
an annular groove Las been ground, as shown in Fig. 34. The 
central port of the cell is left nearly the fall original height of 
the glass—just enough beicg token off to allow of a thin layer 
of liquid betweea it anil the cover-glass. Any liquid contain- 
ing minute forms ot am'mai or vegetable life having been laid 
on the top of the central elevation, will be held there by capil- 
lary attraction as soon as the cover is laid on, and if the latter 
be cemented round the edges, an air-tight aquarium on a 
minute scale is formed, in which, if the proper balance of 
animal and vegetable hfe is present, the objects may be kept in 
good comlition foi a long time We have kept one of these 
slides for weeks with deamid"*, diatoms, and minute iorms of 
animal life, all in good condition The proper cement for at- 
taching the covpr to these '-liiies is beeswas softened with oil 
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The Weber slide is a very handy and convenient piece ot ap- 
pai-atus, but it IS difBcuIt to obtain. "We have, therefore, used 
the following form, which anyone can make foi' himself. 

The Cell Trough.-The simplest trough iu which living 
objects may be kept for some time, is constructed out of an 
ordinary eell and thin cover, as shown in Fig. 35. It we 
have a liquid containing some very minute objecta which we 
wish to keep for some time in a condition suitable for examina- 
tion, we place a droji on the centre ot a thin cover-glass, which 
most be larger than the cell A very ama!! cover is then placed 



over the liquid, for the purpose of forming a layer of equal 
[leptli throughout, and if there should be any danger of crush- 
ing the objects, a few fibi'es of hiur, Bilk, cotton, etc., will keep 
the two tliin glosses siifiieiently apni't. The edge of the cell 
having been lightlj smeared ivitii a soft misture of beesw&x and 



Fig. 35. — CBLL-TEOUGH. 

oO. and the inferior oomer having been moistened with pnre 
water bj means of a camel-hair pencil, the inverted cell is 
placed on the largo cover, which at once ndlieres, and thus the 
cell is converted into a veritable Wnvdian case. Owing to the 
moist atmosphere, there is no danger of the liquid under exam- 
ination drying up, and as the apparatus is verj cheap, several 
maj- be fitted u]) and used for watching the life hiatoiy of any 
particular subject. 

Tbe C om pressor ium.— The animalcule cage, shown in 
Figure 30 is open to the objection that it is difficult to 
adjust the pressure with sufficient delicacy, and we are apt 
either to cmsh the animal or leave it too free in its movements. 
These difficulties may be avoided by the use of a well-made 
Compressori uj/t, of which there are several kinds in use. 

This little instrument also serves another important purpose. 
In the examination of certain objecte, it is frequently necessary 
to flatten, and even to crush them, in older to render their 
structure visible, and this the com|)i-esBOrium enables us to ac- 
complish. TIio most powerful instrument of this kind consists 
of a metal plate, in the ceutre of which is fixed the disc of gloss 
upon which the object is laid. A second disc of glass, fastened 
in a ring which is hung at the end of a lever, by means of two 
pivots, is pressed against the flrat by means of a screw, which 
tilta the lever. In this way a very strong pressure may be 
exerted, while, owing to the fi'ee movement of the ring on the 
pivots, the plates of glass always remain parallel to each other. 

"Where vary great pressure is not required, a different fonn 
_ot the instrument may be used. Instead of being forced down 
by a screw and lever, the upper glosa disc is fastened to a thin 
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I plate of metal, wLicli may be raised by a screw, but wlien tl:e 
'a witLJran-D tlia "spring" of tlie plata carries it down 
[ Knd gives Uie preBsore. 

A compreBsorium, in -wliicli the pressure is caused by tliH 

LwHyft/ of the upper plate, is shown in Fig. 36. Tliem are two 

L -plates of metal, each with a hole in (he centre, toi-eceive the glass 

I discs. At one end the upper plate has two pins, which fit into 

two holes in the lower plate, and servo to prevent all side 

A screw piisses through Ihe other end of the 

upper plut*, nnd serves to separate the two. A drop of water 

containing an animalcule having been placed on the thin glass 

attached to the lower plate, the upper plnte, with the screw 

. projecting sufficiently from the nnder side, is Juid on it. Then 

I. by turning the screw, we can bring the two plates together to 

L'Vij required degree of nearness, luid with the utmost delicacy^ 
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Any minnte animal may thus be firmly grasped, without crush- 
ing i>, while the compressing power exertedby the mere weight 
;of the metol plate is in almcist all cases snffloient, even for the 
:Oomplete flfttteiiiiig out of smiill worms, etc. Even such crea- 
'tares as the larva of the common gnat or motqiiito may be 

impletely omshed by the weight of a plnte less than the eighth 
,^i aainch thick; Biid, where greater force is required, it is of 
;eourse easy to apply the pressure of the finger. In the latter 
danger of exerting too great a pressure need be in- 
curred, as the projecting screw preveuta all that. The want of 
parallelism between the plates doea not prove a serious objec- 
tion, as it is so very slight that it is hardly perceptible in the 
short distances ordinaiily nnder observation. "Where, how- 
ever, it is desirable to avoid this defect, screws may be substi- 
Lted for the pins, and the points may be made to work in 

ilea bored half through the lower plate. 
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Where aaimolcule cnges are not accessible, b, smal! animal j 
maybe heH between a common slide and a tliin covet, 
prevent cruebing it, a hair or even a threatl may be placed be- i 
tween the cover and the glasB. A German author reoommenda [ 
the use of fine gauze or netting, in the mtehea of wbich a 
animalcnle may be held very conveniently. Acting on this ' 
idea, we took a thin metal plate, and bored it full of holes ol I 
variooB sizes. An animalcule placed in one of these holes may 
bekeptin the field of view for any length of time, and exhibited 
to those who desire to see it, but it cannot be kept quiet for 
Ecientiflc examination. We like a piece of fine wire-gauze, ^ 
better than cotton or linen netting. 

Gron-ing Slicles.— Where itia desirable to keep the » 
livingobjectforaconeiderable time, so asto watdi ita c 
it is necessary to use wLat is called (Vf/roici'iff slide, by which it j 
mayheregularlyaupplied withairand moisture. Alargen 




ber of eomp!ieated devices have been deRcribed for thia pur- 
pose, but the following simple contrivance answers the end 
very well; we have used it tor years. To one end of a cummoa 
slide with a concave centre, cement a small bottle, as shown -in 
the figure. This is easily done by means ot a little marina 
glue. The g!iie, cut in emHll pieces, should be laid on 
the slide at tlie point where the bottle is to be attached; 
the slide is then to be gradually heated until the glue ia 
softened, when the bottle is laid on and moved back aud 
forth until it has been thoroughly imbedded in the cement. 
The bottle is filled with water and corked, tlie upper aide 
of the cork having two notches cut in it, one for the 
trance of air, and the other for the passage of a loose cotton 
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I ITiread. The oliject ia placed in the ooncavity, covered with u 

piece of thin glass, and the end of the thread ia carried under 

the cover by means of a small notch cut in the alida -with a 

file. The bottle must be filled with very pure water, otherwiae 

I tiie aalts, etc., contaiaed in it, become concentrated under the 

Lt'-iia cover, owing to the evaporation, and destroy the object. 

r Frog Plate. — The circulation of the blood in the capillaries 
of living animala may be observed in the web of the frog's foot, 
the tail of a amiill &ahor water-lizfyd, thelnrvieof uumy insects, 
the ear of a young mouse and the wing of the bat. The tongue 
ol the frog ia also a favorite aubject with some, and dissections 
L of the living animal have also been made, and the circulation ob- 
liBOrved in the pnrts thus displayed. Except, however, for ini- 
rpottant investigations, we have no right thus to inflict torture 
and destroy life, and, moreover, the obvious oraelty of the 
means employed, will to moat miuda destroy nearly alt the pleas- 
ure ftrising from the beauty of the eshibition. Fortunately the 
oironlation of the blood ia the foot of the frog mny be witnessed 
■without subjecting the animal to any pnin. For this purpose 
the web of the hind foot is spread oat over a piece of glass, 
■which is held io a frog-plate, as it is called, to which the little ■ 
animal ia attached. The frog-plates usually sold, however, do 
not lie conveniently on the stage of a small microsoope; they 
are apt to tip up, and there is no means of attaching them 
firmly to the atage, so that it ia impoasiblo to incline the mi- 
crosoope. The Buneied engravings represent a frog-plate, in 
vhich these difficulties are avoided. Asaeeain the figure, it ia 
of the usual form, and has e. large opening, into which is 
bnmished a piece of thiunish plate glass upon which the web 
of the foot ia laid. Around this opening is bored a number of 
small holes, through whicU threads, tied to the frog's toes, are 
passed and held firmly by small wooden pins. A series of holes 
are also bored on each side and cut out at the edge, ao that it ia 
unnecessary to paas the twine through the holes, as it may be 
leadily slipped into theoL The frog maybe enclosed in a bag, 
foot being left out, but a simpler aud better plan is to 
'athehimin a strip of muslin two inches wide and eight to 
Ive inches long. The muslio is dipped in 'wat«r, and the 
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f Jto^ rolled up in it and laid ou the plate, where lie is held by a 
K few tarns of liffht packing twine passed into the slits in the side 
fof the plate and carried from one to the other and over the 
Sinnll froga are best for this purpose, but when too 
I smjJl they are not easily bandied. The position ot tbe animal 
y ou the pkte is ho arranged that the foot may be spread over the 
r glass plate that filk the large opening. 

The p1at« is attached to the stage as follows: A cylindricnl 

•brass block (Fig. 40)isprovided — this block having a milled belt, 

VVhich renders it more easily turned. The upper surface of 

tliis block receives a screw which passes 

through a slot of considerable length, cut in 

the frog pkte, thns allowing a wide range of 

motion on the part of the latter; the under 

surface of the block receives a second screw, 

which serves to secure it to the stage of the 

micrtiacope, as shown in Fig. 39. The holes 

for these screws are not in the same line, 

their axes being about a quarler of an inch 

apart, and the consequence is tliat when the 

brass blockia rotated on the stage, the screw 

)ugh the plate acts like a crank in relation tp 

Rie plate, and moves it longitudinally, provided it (the plate) is 

rpt from rotating with the block. The tipper Ecrew is inserted 

kith sufficient tightness to keep the plate from shokiDg, but is 

o loose that the plute can be readily moved back and forth. 

!e, while the plate is attached to the stage in such a way 

tcannobtipupor full off, it may readily be moved in two 

tions, one the arc of a comparatively large cii'cle, and the 

fotheralongitudiual motion at right angles to this. 

This frog ptate formsinfactasortof mecliauical stage which 
admits of very delicate movements being vety steadily made. 
Where this plate is used, the microscope may be inclined to 
any angle, and uo jerking or starting of the animal cuu displace 
the portion of the foot that is under observalion. Different 
parts of the same foot and different correspiinding parts of dif- 
ferent feet are more or less suited to purposes of observation, 
according as they are more oi less transparent and more 
tr leas fully supplied with vessels. - It is therefore of great ad- 



vuutage to be able to select tliat part wbicti axiswers our pnr- i 
pnse most perfectly, and tLis plate affords peculiar faoili ties for V 
( ffectiDg tliia. 

Table.— Tlie table aaad for supporting the microscope j 
should be firm and substantial, so that all sbnke audTibratioa 1 
may be avoided. Those who use very high powers, and desire 1 
to avoid vibration as muck as possible, will find that a barrel o: 
box, filled with sand, and resting on three feet, makes the best 
support. Borne years ago, having some rather delicate investi- 
gations to make, we constructed a tal>le in this way, and fonitd 
the results very gratifying. Our table was arranged as follows: 
a commoa barrel, cut down a little, aud filled with Band, was 
supported on three stout blocka nailed to the bottom. The 
table proper was made of plank, nearly square, and it entirely 
covered the top of the barrel It was supported by a -J- shaped 
pieoe of wood, which was fastened to the centre of the table, 
and descended into the sand. With such a table, walking oa I 
the floor, and the passage of heavy teams in the street, prodnoe ' 
no vibration, though, on an ordinary btble, they render ■work 
with high powers almost impossible. 
-Where several persons wish to look through the same micro- 
Bcojie, it is very awkward if each one has to get up and go to 
the instrumeut. At the same time it is of course impossible to 
move the microscope without moving the arrangement for illu- 
mination also. This difficulty has been avoided bymeo 
revolving tables, around which the observers ait, each o 
turn esamiuiug the object, as the microscope is passed tound to J 
him. This is a very escelleot, bat a somewhat expensive a 
rangement. The same end may be attained by placing the m 
oroaeope, lamp, etc, on a smooth board of auitable size and 
shape, and paaaing this board to each observer in turn. The 
board, carrying microscope, lamp, etc., may be made to elide 
quite easily, and if placed on three feet, it is tolerably steady. 
Buoh a support, however, is not to be chosen where the micm- 
Boope is used for scientific investigatiooB. 
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JDouble No^e-Piece.— Tliia is one at the most useful 

timt the minrosoopist can posseHs. The result to lia 

ibtaiaed, and tlie method of uceomplishiiig it are obvioua. The 

lower end of the body 
of the microaaupe, and in 
fitted to receive two objec- 
tives of different powers, 
of which maj be 
Ilg. 4L— BCBUOHi wosB-PiscE. brought into action by simply 
jsi' piece. In 
low power may ba uaed for finding objects and ex- 
amining them as a whole, while the details mar, without 
trouble, be aubji cted to an 
objcct-glaas of much higher 
•r. Two forms of the 
■piece aie in use The 
Id^ lorm IS straight aa in 
Fig. 41; the later form is 
bent, as ia Fig 42 The lat- 
ter fofm is altogether the most 
ooDvenient. Nose pieces ca 
pable of recetMug thrive or 
four objeotivea have been con- 
Btnicted, and a very old mi- 
croscope, at one time in our 
possession, liud a nose piece 
with eight ohjectiveHl The 
modem nose-piece, ao ar- 
ranged as to be oapnble of 
carrying the best objeotives, h 
the invention of Mr. Brookes, 



ILLUMINATION— SOUECES OF LIGHT. 

Stiu Liiiiht.— It is generally acknowledged that the best 
light for microacopic'jJ purpose? is that of the ann; not direct 
9iuilieht, however, for this is altogether too intense, but sun 
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light reflected from a, white wall, or a iightfleeey aloud. Stin- 
light JH Eomething which we cannot commsiiid at will, and, there- 
fore, the microscopiat can do notliing more than Bsloct the lo- 
cation of the rooni which he occupiea. lu general a room with 
B noithern aspeut is to be preferred; if there Bliould also be 
windowa looking towards tiie east or west, so much the better, 
provided they can be completely darkened when not in ase, as 
cross ligbta produce a bad effect. 

Artificial Ligbt.— While good daylight is the beet source 
of illumination, poor daylight is one of the worst, and we Lave 
frequently, during tbe day, obtained by tlie uee of lamps and 
caudles, results which could not possibly be secured by natural 
daylighi At the present time, gas-light, lamp-light and can- 
dle Uglit ore the most arailable means of artificial illamination. 
Candles ore rarely used escept when the microscopiat is travel- 
ing, or in apecoliar situation, but a good candle gives very fair 
results, especially if the flame be protected from curieiita 
of air, whitli may easily be done by eitemporiziiig a 
shade out of a piece of gloss tube oi small lamp chim- 
ney. Wax, parafflne or sperm candles ehould be chosen, as 
they give a clear, white flame. Common tallow caudlea give a 
dull yellow flame of inferior quality. Oas-light, as obtained 
from the ordinary, flat, unprotected burner, is not sufficiently 
steady; it fliukersand changes, and for microsoopy this is the 
worst fault that an artiflcial light can have. Where gas is em- 
ployed it ia, therefore, necessary to use an argaud burner, with 
a gkaa chimney. Light obtained in this way is in general 
very excellent. Bnt the most convenient, as well as the best 
meansof illumimttion, is agood lamp, of which the ordinary 
student's lamp ia, on the whole, perhaps the best kind. It 
gives a pure, steady and intense light; it ia easily regulated, 
both as regards brightnesa, and also position, and conse- 
quently direction, and it may easily ba procured almost any- 
where, la default of a good student's lamp, any of the ordi- 
nary Ismpa with circular, or Siit wicks, may be made to answer. 
Where a large quantity of light is required, as in the illumina- 
tion of large opaque ol)j>'ct3, Ibe circular, hollow wick, from 
the superior brightness and whiteness of the light, is always to 
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be preferred. But where s, Bmull light of great inteuaif j is 
needed, the oommon flut wick, turned edgewise to the mirror, 
iiusnera very well. It is u curious fact thut flume ia trii,us]jjri.'(it 
lo light, aud, therefore, the greater the depth of Ajlul-, tliu 
more intenae ia the light. This ia easily tesied liy lookiug id 
the flatue of a commou hand Ininp aidewiae and edgewise. Ia 
the Itttteroase the eye receives the light from the eutira flame 
ouQccntrated to a mere band. 

Several varieties of lamps have been devised apeciidly for the 
nsa of microscopisl:s, aud oouie of them, ure very excellent, 
the most perfect being tliat devised liy Dr. DryaJida aud Bev. 
W. H. Djllingcr, aud described in the Mo^dMi/ Mici-oncopical 
Journal for April, 1876. 

It is liariily iieoeaaary to say that nit kinds of oil have been 
displaced by the minerid oils ordiuarilj called kerosene. 

Very intense light, such as that fcom burning magnesium, 
the calcium light, the Bnde light and others, Lave been tried, 
but witliout material advantage, M^my yeara ago, we armngGd 
S oonunoD kerosene lamp, sa that the air surrouudiug the fl.jmo 
eoold be enriched with a supply of pure oxygen when neces- 
BRry. Dr. Beale describes the same thing in his work, but does 
aot aeem to regard it as of auy advuutage. When used an a 
■oarca of direct light, however, we found that it more nearly 
resembled sunlight than any other artificial source of illumina- 
tion. A large diaphragm oi shade, with an aperture of mod- 
erate size, was placed close to the Eglit, which was placed at 
soma diatanee from the microaoope, and the rays passed di- 
rectly through the object, not being reflected from a mirror. 
Thereanlta in some eases were well worth the trouble incurred. 
It ia probable thiit in soma ctaes very excidlent results could be 
obtniued from tiio electi-io light. if properly arranged. This, 
Lowever, is a department of microscopy which ia certainly not 
■nited to beginners, and we, therefore, dismiaa i t. 

The raya of light, from whatever source obtained, are either 
•allet, convergent or divergent; and in t'le illumiiiation of 
i^aieut objects the character c>( the light, as depending 
Dpon these featuri a, ia of marked importance. This subject, 
and the action of lensea and mirrora in changing the relative 
direction of the riLya, Ehould be carefully studied by the atn- 
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dent, who will flud it fully discnased in any work on optics. 
The general principles may be beat explained by a few experi- 
mental iliuatraliuus. 

Take a piece of cardboard about six inchea aquare, and in it 
puDcU a hole about half an inch in diameter. If this card be 
held in front of a wall upon whiah the sun is shining strongly, 
we will see the shadow of the card and u round spot of light 
exactly the size of the hole. If the card be now moved away 
from the wall, the shadow and the bright spot will still remain 
of the same tize, ahowing elearly that the rays proceeding from 
tUe sun are sensibly paralleL The same hulda true of a, bright 
cloud or a white wall placed at a great distance; but nhen the 
wall or other reflecting object is very near, the rays no longer 
poeseas this character to the aame extent. 

If in the first experiment the wall be illuminated hy a candla 
instead of by the buii, it will be found that as thecardiamoTed 
from the wall the shadow and the spot become larger, showing 
that the rays are divmyenl instead of parallel. The same effect 
ia produced by fixing both the lamp and the card on a stand 
and moving them awny from the wall. 

Cod vergen t rays, that is r^ys that tend to mert nt a point, 
can be obtained only by passing parallel or divergent rays 
tlirough a lens, or rt fleeting tbem from a concave mirror. By 
carefully arranging a targe convex lens in the path of niys that 
are divergent, it id easy to render them parallel. They are 
known to be parallel when the bright B^Kit which tbej make on 
a flxed surface, alter passing through a hole, is not varied in 
size by changing the prwilion of the hole. 

The TariutJona which are prorinced in the appearances of 
objuotB when tUey are viewed by light possessing these different 
characteristics can only be learned by practice, and the young 
microscopiat should experiment in every conceivable way. 

Whatever be the source of light employed, most objecta may 
b« viewed by means of any one of several very diSerent 
metfaoda. Thus, an ohject, if transparent, may be viewed by 
traHSmilled ]i^ht, thati<, by light reflected from the mirror, and 
passing through the object. It opaque, it may be viewed by re- 
;?flderflight, in which case the light that passes to the eye through 
the microsoope is reflected from the sui^ace of the object, 
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ILLUMINATION OF OPAQUE OBJECTS. 

Dlflused Lighl.— TLis term ia applied to ordinary daj- 
ligLt or lump-ligLC, allovred to full on tlie object wiLliout the 
interveatiun of any Bpcciul meaus of concQDt ration. Tliiit dif- 
fused ligtit maj ba available for tbe illumiuatiua of objects, it 
ia neceasary tliut tLe objectives ba good. Oljji-cta 'n'liicb, with 
urdinarj triplets of low angular apertarp, ais tutiiely iuviaible, 
become beautifully distinot wlieu a better class of objectives is 
used. Uuder fuvorable circumstauces the view obtaiued iu this 
Way of any well mariied object is very pleasant 

Balls-Eye Cod denser.— This is a large lens of cotupnr- 
otjvely short focus, wliiuli ia uiiide lo conilense the light oik tlie 
object in the same nay that the ctimmou biirDing-glass sets, but 
with elTecta griall; less marked, eiuce the light is so much leaa 
iutense. Ia some cases the cuuden sing lens is attached to the 
microscope, and in some special cases this is very convenient, 
but where there is only one con ile niter, ithhouldbe mounted on 
a stand, ua ehonu ia Fig. 43, so ILat it may be 
pbced ut any height and turned in any direc- 
tion. PJuced between tbe object and lie 
Limp, it cuUccts the rays of the hitter to a 
focus whieh brightly illuminates any object 
upon which it niuy full. Op.niuo objects, 
which by diffused liglit are barely visible 
under the microscope, become very diatinet 
ftnd clearly defined whea thus illuminated, 
and many of them, such as tbe wings of in- 
sects and certain minerals, appear ia the most 
gorgeous colors, which, however, are perfectly 
natural, and ere not the result of cbiomatic 
defects in the lenses. 

Ill viewing on opaque object by reflected 

light, it is evident that we are enabled to 

ooBDtnaKn. jiulge of the irreguhirities of the surface 

largely by means of the shadows cast by the 

prominetices. Byraisiugor lowering the lamp, and also theoon- 
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denser, the directiou and eiteut of tliese shitdowa maj be greatly 
varied. Hence one of the advuntagea of the students' lamp. 

An important nse of the cuudensiDg lens is to change the 
direction or cUoracter ul tlio rays employed. Thus, when a 
hiEopbin use the r^js ore divergent, and the easiest way to 
render them parallel ia to pasB them through a condensing Jens. 
To e&ect this the distance of the lens from the lamp must be 
exactly the same as that at which it brings parullnl rays to a 
focus, la other vorda, the lens muat be at a distance from the 
lamp -which is exactly equul to its focal distance for parallelraya. 

Oondeusing leuses are made of all aizea, aud soma of thom 
are quite expensive, but we have frequently obtained wondei- 
fuUj fine results l>y meaua of a cheap lens of small aize, but ' 
good form. A condensing lens ia, perhaps, the mofct important 
accessary that can accompany a mioTOBOope, 



Siile Reflector.— Thia is a small silvered c< 
which is used to tlirow the light on the object for the same pur- \ 
pose as the coudenaing lens. The raaults whieh it gives ate 
slightly different, and it ia a most valuable means of illui 
lion. It has not been so generally introduced aa it deserves to 
be, and fen' microscopes are furnished with it unlesa to special 
order, Itshouldalwaysbeu3cd in combination with a bulls-eye 
cocdeaaer, as light of much greater intensity is thus obtained. 

Tlie !Liel>erkuIiii.— This was one of the first iastrumenta 
naedfor illuminating opaque objects. It consists of a small, 
concave, BpUerical mirror, through the centre of which the ob- 
jective passes, the foaua of the mirror aud objective coinciding. 
The oliject must be small, aud is generally mounted on a small 
circular ditiC of leather or card, which stops out the central 
rays, while the light which passes round it strikes against tha 
concave mirror, and is reflected back again upon the object. 

The Lioberkuhn gives very brilliant effects with many ob- 
jects, aud if well managed it enables na to obtain very satisfac- 
tory views, ospeciaily with powers which are too high to admit 
the nse of the side reflector, the [larabola, or the bulls-eye. 
The great objection, howevei", is the foot that the light fails 
almost vertically, time obliterating all the shadows pro- 



»cluced by eleTalions on t!ie object. For "show" objects tlie 
Lieberkulia is uae^nalled in its eSecta, and tliere is no doabt 
tliat in ceitain iavestigattouB it niaj be made to do good eer- 
lioe. 
The Parabolic Reflector. -Thia acceesory was Erst 
made by Messre. Beck for Mr. Sorbj, wlio employed it to ex- 
amine tlie microscopieol atractnro of ii-on aud steel. As OKlin- 
arily constructed, it consiata of o, parabolic mirror ultaclied to 
ILe end of a rod furnislied witli univei'sal joints, so tliat it may 
be placed iu any position as regards tlie object and the illnniiii- 
fttion. ^ It aiiJiwerH admirably foi- condensing tlie ligiit oa tlie 
surface of objectn, and by tlirow- 
ing tbe raya in any porticular di- 
reetion across tbe surface, tlie 
observer is enabled, by means of 
the shadows, to determine the 
nature of i rregnlarities upon some 
objects in a very satisfactory man- 
ner. Iq this it resembles the or- 
dinaiy side reflector, which, how- 
ever, is formed to a spherieal in- 
stead of a pambolia curve. Like 
the sida reHector, tliis illuminator 
ahould always be made to receive 
parallel rays, and condeuse them 
npon the object. To obtain par- 
Tig. 44.— pixABOUc BEFLBCTOB. allel ntys, place tbe lamp in the 
focus of the bulls-eye condenser. 
The side and tho paiabolio reflectors cannot be used with ob- 
jeclives which have a short working iliatauce, since the rays 
from the lamp must reach the reflector from the opposiie side 
of the objective. 

Since many stands have no conveniences for attaching this 
occMsory, Bome opticians furnish it with an adapter, whereby 
it may be fastened between the objective aud the nose-piece. 
Such a contrivance, however, must have originateil in a want of 
knowledge of tlia principles which control this method of illum- 
inatioo. It is evident that the object should always be in tin; 
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focnH of the reflector; if, in adjusting the focus of the obieotive, 
we move the reflector, we must, of course, ilestroy the proper 
relation of the latter to the objeot. 

ObJectiTes vrlth Tapered Fronts.— When the objec- 
tive has a, yery broad front and a abort ivorking distance, as is 
the case with most objectives of high angles, it is impossible 
to illuminate the object satisEactorilj with the buUsnjje con- 
denser. To avoid this diffloulty, several makers, notably Mr, 
Swift, of London, have narrowed the brass work of their fronts 
to the last limit, so as not to interfere with the illamination of 
opoqae objecta. Mr. ToUea Las, however, gone a step further, 
and has allowed the glass of his front lenses to project beyond 
the bi-ass work, so that the bull's-eye may be used with com- 
paratively liigh powers. We have a one-riuarter constructed on 
this principle, ivbieh allows of the clearest illuminatiou, and 
shows the P. anguMtim, as an opaque object so well that the 
jnaikings are sharp and well defined. These lenses ate mode- 
rate in price, very easily used, and give very eatdsfactory 
results. 

Smith's Vertical IHuminator.— This admirable de- 
vice is due to Prof. Hamilton li. Smith, of Hobart College, Ge- 
neva, N. T., and is intended for use with objectives of such high 
power, that the Lieberkuhn, condensing lens, side reflector, 
etc., cannot be employed. Several difierent arrangements have 
been suggested. The first was a small annular silver reflector, 
placed just above the back lenses of the objective, and foiming 
an angle of 45" with the optic axis of the microscope. A bole 
in the side of the brass monnting of the objective admitted the 
light, which was thus throivn down through the lenses on to 
the object, and back again to the eye. We have nsed such an 
an'angement with most satisfactory results. For esample, with 
ft one-fourth inch objective, thus fltted, it js easy to view the, 
P. anguiatum aa an opaque object, and bring out its markings. 
The illuminator, as thus constructed, may be either a separata 
re^Sector which may be screwed into the nose-piece of any mi- 
croscope, and ■which is furnished at its lower end with the So- 
ciety screw, into which the objective is inserted, or it may be 
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a permanent paii of tlie particular objectiTe employed, and ba 
epecially adapted tliereto. In our own eiperience, the beat 
teeiUts have been obtained bj the latter arrangement. 

Instead ot the silver reflector, Mr. R. Beck usee a thin glaBs 
plate (an ordinary cover-glass), which is inserted into an adapter 
vhicli flts between the noite-piece and the objective. The thin 
glass is supported by a smdl pin with a milled head, by which 
it may be turned bo as to present its surface at the best angle 
for reflecting downward tbe light admitted through a suitable 
aperture. 

All forms of the Tcrtical illuminator give tlieii- best reaulta 
when used with immersion objectirea, as has been very fully 
shown by Mr. Geo. W. Morehouse, of 'Wayland, N. T., who 
uses with Buccess objectives as high as the one-tenth. The 
mailiings on the most difficult testa— even the 19th band of 
Nobert's jjlate — are shown clearly and well by this arrange- 
In using the vertical illuminator, success will depend greatly 
upon the management of the ill nnii nation. The size of the 
aperture whifh admits the light to the rEfleetoc should be 
carefnlly regulated and diaphragmed down, if neeeasary, and 
the rays should be rendered parallel by means of the bulls-eye 
condenser. 

Tolles' Vertical UluBiiuator.— Sofar asweliaveWen 
able to find, Frof. H. L. Smith was the iii'st to illuminate tlie 
object by light passed down through the objective, and the 
different fonns which have been introduced, anch as Beck's, 
Powell & Lealaiid'a, etc., are mere modifieatiouH of Lis original 
plan. To Mr. Tolles, liowever, is due the invention of a modi- 
fication wiiieh exhibits considerable origimJity. He inserts, 
above the front lens, a small priam, which is so constructed 
that the light passes in freely, and is then totally reflected 
downwards. In tliia way the rays pass down through only one 
lena of the system, inatead of through all of them. Mr. W. A. 
Beyers bos used this illuminator with very satisfactory resulta 
the examination of fine rulinga on metal, incident to his 
iuTestigatioD of the comparative value of various standard 
linear measures. 



ILLTJMTNATION OF TRANSPARENT OBJECTS. 

The different laetlioda wbich liKve been deTised tor viewing 
transparent oSijects are qTiite hb numeruUB ns tlioee availalile for 
opaque ones, and require qiiite as mnch taot and stud j. A 
skiltul worker, wlio tlioroiigUly nnderatanda thu points easen tin! 
to good, or rather to appropriate and efQcient illiuninatioQ, will 
attain resnlts wonderfully snperior to those achieved bj persons 
ignorant of the subjeot, and this, too, although the latter taaj 
be working with fur superior instrumenta. This is seen every 
season at our microscopical exhibitions and converBazionee, and 
although the work done on theae occaaiona is chiefly for show, 
the same priuciple holds good in regard to work done in the 
direction of study aud investigation. 

Direct and Refflected Light.— When the microscope 
isfiu arrauged that the light frum a lamp or other selMumiuoua 
body shall pass directly through the object and into the micro- 
scope without being fii'at reflected from the mirror, the illomin* 
ation is aaid to be direct, in distinction from light which lias 
been flrst reflected from a mirror or other surface^ Light from 
B cloud or a white .wall can scarcely be regarded as direct. 
Direct light gives results which are appreciably difiarent from 
those i)rodnced by reflected light, since light always siifFera a 
ehange in oharaoter by reflection. These two kinds of illuuiiu- 
ation may be eitlier axial or oblique, and in the cose of both 
reflected and direct light, if the source of light be very distant, 
the rays will be sensibly parallel, but if the aouroe of light lie 
very near, the rays will be divergent, aud, eonsequently, under 
snch circumstances, the illumination must in part be more or 
less oblique. 

Axial or Central I.iglit.-When the mirror, either 
plane or csoncave, is placed direiitly in the axia of the i 
scope, and reflects the light through the tube, the illumination 
is aaid to be axial or cenli-id. The same term also applies to 
direct light, when the direction in which the rays pass through 
the object ooiuoides with the optical axis of the iustrameut. 




■ 



0^ THE MTCK08C0PE. 153 

Tlia rays mus-t, ot oonrae, Tjo parallel. It either divergent or 

ent. some of the laya -will 1)q ol)Iic[ue. Purely axial or 

centra! illumination tan be obtained oul;r by paasiHg tlie liglit 

' tlirongli a verj' small hole placed some distance below tlie stage. 

OllIiq.llc Light.— Many objects fail to show their peonli- 
oritiea nben. iiluminutfd hy parallel mys of light pHBsiDg 
ibrongh them in the directioa of tUe optio axis of the micro- 
BCOpe, but are seen Tery clearly whea the light i'4 gent through 
them obliquely. To secure illiiminntion by oblique ligiit re- 
flected from the mirror, the latter must be bo auapcnded that it 
can be turned to one side, and thuaseiida beam of light Ihrongh 
the object at an t.cute angle. ^Vhere direct light la employed, 
the necessary degree of obliquily may be obtained by adjusting 
the position of the lamp — a device to which we have resorted 
when compelled to xxse a stand in which the mirror did not 
swing to one i^ide. In this way, also, oblique light may be em- 
ployed to illuminate objects -viewed through a pocket lens, and 
very interesting effects obtained. For the resolution of fine 
markings upon diatoms, etc., obliqne illumination ia a neces- 
Bity. When the angular aperlura of the objective is low, and 
the light is very oblique, the objects ajipear light on a dark 
ground— iu fact a sort of dark ground illumination isobtaiueO. 

The Achrouiatic Coudeuser.~The earlier forma of 
^ -the achromatic couilenscr consisted simply of an acliromatio 
lens, similar to an object-glass, so arranged tliat by means of it 
the light from the mirror could be brought to a focus on the 
object. Witli some iihjectB, even this simple ooutrivance gave 
very fine results, It was soon found, however, that great ad- 
Tantage was derived from cutting off portions of the pencil of 
raya transmitted by the condenser, and by means of the proper 
diaphragms, central, peripheral and one-sided or oblique illmn- 
inatton was obtained. First-claaa achromatio condensers be- 
came, therefore, quite complicated and eiiJcnsive. Several 
cheaper but very eflicient forma are now made by opticians, a 
favorite being t!ie Webster oondenaei', shown iu Fig. 45. 

Of this accessory Carpenter gives the following very practical 
deacriptioni "In its present form the arrrangement of the 
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lesseB ntrongly rescmblea that used iu tliG Sellser Eje-pieoe; 
the field-glasH of the latter serving as a condenser to receive 
the cone of rays reflected upwards from the mirror, and to 
make it converge upon 
a Einaller achromatio 
combinatiaii, whicli 
conBifits of a double- 
lena of crown, 
with a pUno-oonvex 
lenacf fiiiit, the plane 
side (if the latter be- 
ing next the objeot. These lenses are of hirge size and deep 
curvature; so that when tbeir central piirt is stopped ont, the 
rays transmitted from their peripheral portion meet at a wide 
angle of convergence, and have the effect of those transmitted 
through the peripheral portion of the ordinary achromatio 
condenser. When, on the other hand, this combination is naed 
with a diaphragm that allows only the central rays to pass, 
these rays meet at a small angle; and the illnmination thus given 
is very suitable for objects viewed with low powers. Again, by 
stopping out the oeutial portion of the combinatiou, and re- 
moving the eondeuser to a short distiiuoe beneath the object, 
the effect of a black ground illumination can be very satisfac- 
torily obtained with objectives of moderate augnlar aperture. 
Further, by stopping out not only the central, but also a great 
part of the peripheral rays, so as only to allow thelight to enter 
from a small portion or portions of themargiu, oblique illumin- 
ation can bo most effectively obtained." 

The Wenham Reflex Illntninaior.--TbiB ia gener* 
ally conceded to be tlie most perfect device for illuminating 
balsam-mounted objects when viewed by objectives of very 
high angles. It is shown in section in Figure 4fi, where a is a 
cylinder of glass half an inch long, and fonr-tenths in diameter, 
the lower convex surface of which is polished to a radius of 
four-tenths. The top is flat and polished. Starting from the 
bottom edge, the cylinder is worked off to a polished face at an 
angle of 64°. Close beneath the cylinder is set a plan o-oon vex. 
lens of Ij inch focns. Parallel rays,/,/,/, sent through the 
lens, after leaving the lower convex surface of the cylinder, 
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I ■would be relracted to tUe poiut, h, i( cotilmuod in aolij glass, 
I Int by imiiingiDg on tlie inclined polislietl surface (whicU is 
J far 'within tlie angle of total reflection), they are thrown on the 
PJat segmental top; hero they would be totally reflected and 
i "beaten down again to a point outside the cylinder, but if an 







objeot-filide, c, be laid over the flat top with a 
fiTm of water, the mya will proceed on to the point, g, if the 
glasH slide be thick enough. As shown in the engraying, bow- 
brer, the slide is of the usunl thickness, and the point, g, lies 
itbore it ; therefore, if the upper surface ot the slide ia clean 
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angle has greatly enlarged tLe scope of osefuluess of this little 
pieca of apparatus. 

The Wenham prism consists of a small right-angled prism ol 
crown glass, whicE is "patched" on to the under side of the 
slide hy means of a little gljceriue, oil of clovea, or anj similar 
fluid. In the figure, h is the slide and 
, .. ' ^ 1^ cover, and a ia the prism. Bays of 

light, as shown by the dotted lines, 
if sent through the face of the prism, 
pass straight to the upper surface of 
the cover, and if a dry objective be 
used, they are reflected down again on 
to the underlying objects in balsam, 
which appear bi-illiaatly illuminated, aa if beneath a. speoulum. 
An immersion objeet-glaas prevonta the covering glass from 
acting OS a speculum, and light emerges beyond what would 
otherwise be the critical angle, thus affording very oldique illn- 
mioation, which, with suitable objectives, enables us to resolve 
tlie most diOicnlt tests. 

If the prism is used with dry mounted objects, total reflection, 
instead of occurring from the cover, takes place from the upper 
surface of the elide itself, and all is total obacurity except whera 
some object, such as a butterfly's scale or a diatom, is in inti- 
mate contact with the slide, and then these objects allow the 
transmission of light, and appear curiouKlj distinct in a jet- 
black field. 

This illuminator requires no fitting to adapt it to the micro- 
scope, It is merely stuck on the under surface of the slide 
with a little glycerine ; the slide is then placed on the stage, 
the object found, oml the position, of the piiam adjusted by tha 

It has been objected to this method of attaching it, that ivhen 
the microscope is inclined, the prism ia apt to slide down. This 
will not occur if the quantity of liquid used be veij small. It 
ia not difUcult, however, to arrange a very thin plate of metal 
with a square hole in the centre, tlie metal which originally 
filled the hole being bent down so as to form an ear or clip ' 
at each side of the opening. TJiese clips grasp the prism, 
which, being ceuiented into tliis frame, may ho laid on thfl 
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I Btage ; over it is placeil t!ie slide. If Uie metal plate lie 
" to tlie stage hy anj contrivauce, tLe object-slide 
I may bo moved about at will without disturbing the prism. 

3 liave already stated, tbe Wenliam prism has a right 
&DgIe and two angles of 4B° eaah. Prisms for the same parposo 
Iiave been made with unequal angles at the base, and with other 
than a right angle at the apex, and this is sometimes adran- 

It is, of course, obvioua that the ^eoham prism transmits 
tlie tays with their direction unaltered. If we wisii to condtnse 
them, this must be done previonsly by means of mirrors or 
lenses. Two illnminatois. which combine the effects of the 
condenser aad the prism, have been devised by Mr. Weuham, 
and wo will now describe them. 

Tlie Hemispherical Ulamlnat or- —Instead of a 

prism, Mr. Weniiam has used a hemispherical lens, patched on 
to the slide in the tamo manner as that described lu- the prism. 
This lens concenbutos the rays on the object, aad as rays from 
any direction will always enter tbe lens at light angles to some 
part of its surface, more light and greater obliq^uity can be ob- 
tained by it than by the prism. This device was described by 
Mr. Wenham in the same paper in which he firet described 
the right-angled prism, but wo believe it was first applied 
by Mr. lolles aa an obliqne illuminator for baJsom-mounted 
objects seen with immersion lenses. 



Tlie '* Half-Button-" -A still more efficient illuminator. 
and one which ia complete in itself, is shown in the engravings. 
Pig, 48 being a side view, Fig. 49 a section, and Fig, 50 a per- 
spective view of this little contrivanca It consists of a semi- 
cironlat disc of glass of one-quarter of an inch radius ; the edge 
ia rounded and well polished to a transverse radius of one-tenth 
of an inch, for the reason that tbe focus of a spherical em-face 
on crown glass falls within its substance to nearly three times 
the radius, consequently tbe line of light will be in the most 
concentrated position at one-twentieth of an inch above the 
centre of the semi-disc, which distance in sufficient to reach ob- 
jects mouQted on slides of the usaal thicluiess. The "half- 
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button," as it lias beeu called, is connected to tlie TiiideT side 
of the slide bj means of water, glji;ei'iiio, or oil of clovee, its 
fiidea being grasiied by a simple kind of open clip Bttftched to 
the anb-atage. Tbis iUumiaator is complete in itself, and re 
qtojKB no Bnpplementaiy coudenstog leua j the obli^uit^ i 
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simply obtained by swinging tbe ordinary minor siilewaya, 
and by t Lis meajia Amphipleura pellucida, raonxiUfH iu balsam, 
can be at once resolved- 

Tbe Woodirard Itlumiaator.— This method of mount- 
ing nnd arranging u right-angled prism for the illumination of 
balsam-moiA-tad objocts, ivaa described by CoL Dr. "Woodward 
in apaper read before the Royal Microscopical Society, Jnne 6, 
1S77. It consists of a prism of gloss, the apex of whiah has 
been truncated. This prism is cemented to the truncated apex 
of a similar prism of brass, the long side of the glass prieia 
being upward, and connectoj with the under surface of the 
object-slide by suitable liquid (glycerine, oil of cloves, etc.) , 
The homologous side of the bi'ass prism is downwards, and, | 
slides in a holder which is supported by the sub-stu 
this brass prism are attached two arms, wliich serve to snppori^ 
a thin screen at some distance below the stage. The s 
is parallel to that face of the glass prism that receives the lighl^ I 
and is pierced with a pin-hole, which permits the x>assage of a 1 
minute beam of sunlight. With this apparatus, Col. Dr. ( 
Woodward secured very fine results. 

Tolles' Illuminating TraTerse l^ens.— The most i 
perfect arrangement for allowing a beam of light to reach, J 
without refraction, a suitably immersed object, is the iUumina- 1 
ting traverse lens of Mr. Tolles. The engraving. Fig. 51, and the I 
description, which is ia Mr. Tolles' own words, are from tho ] 
Journal of the Royal Microscopioal Socieir/. 
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Tile ileTU'B 13 I'opreaented in the annexed figiu'o, where P is 
I the basilar phite of the whole trayerae system, having a circular 
[ groove find track, iu which the caiTio,gB, C, moTCa. On a pro- 
l jeoting arm, A, of the carriage, C, are monnted whatever ap- 
pliances are to bo used to modi^ or direct the light npon the 
traverse lona, T, in the direction of the object at the centre of 
the sjatsm. 

In the figure the concave lena, N", is shown iu poaitiou on tlia 
arm. Thus Bituateil, the interior convex and concave surfaces 
being of no effect, the two exterior plane surfaces of Ihe traverse 




I .«ystem eonetitnte it a prism, and every slightest movement of 
tijia concave facet lena on the traverse lens, T, would woidd give 
a different pHsm to infinite varii=ty. In this arrangement, the 
I -concave mirror can be used in the ordinary manuei and con- 
( dense light enough upon the object for all ordinaiy iiurposes. 
f The full interior aperture of a dry objective would be reached 
I at the Tery convenient obliquity of 41°, i.e., at less than the 
I critical angle, or angle of total iuternal refiectiou between 
ni-glasa and air. L ia a double-convex condensing lens, 
I that may be placed at about its principal focal distance from 
T the object, 

3E a condenser, with the size of apparatua as drawn in the 
I figure, n simple lens of 1} inch focns, and about ten degrees 
1 {10°) ol aperture ia convenient, and if the lens is movable 
I along the arm, A, it can bo focuased readily on the object, the 
R'poaition being fixed by inapection, This would be well for 
I'paislldl rays. If diverging ravs are used, another lens of two 



or tliree inches fotma, monnleil ou the ana, A, will convenientlj 
take np the rays from tlio radiant at tlio (littanco of tlie focus 
of this BTipplBmentary leus. 

The plate, P, ia graduated on its circular edge, as in the 
figlire, to two degrees, and tlie arm, A, has a awing of Beveaty 
degrees of arc ea^^h woy from the axis of the microscope. An > 
indai-liue is marked on the bevelled edge of the carriage 10" | 
from the axis of the condenser, which must be added to or sub- 
tracted from the real obliquity of the illuminating rays. 

It is obriotts that any observation made and duly recorded as 
to its conditions, as of obliquity of incidence of illuminating 
pencil or ray, form of the jiencil or beam, focal length and dis- 
tance of the condenser, such observation could be aucoeBsfnlly 
I'eiwated. The record of the obliquify of tl:e most oblique i-aya 
rfiftchiug the object directly and giving view of it at the eye- 
piece with lumiuona field, would express the "balsam" aper- 
ture, or more correctly, the half interior aperture of the objeo- 
tive when the front lens of the objective and the traverse system 
are of glass of similar refraction. 

Having thus the " balsam " angle, we readily calculate or 
learn tlie corresponding angle for glycerine or water, or any 
medium of which wo liavo tbo index of refraction. A 
ponding notation, perhai's for air, might be engraved in juxta- I 
position on the basilar plate. 

The Spot LeiiB.— Tim is axdano-eonvexlens of very high ' 
curvature [it is generally hemispherical), so mounted that its 
distance from the object may be adjusted in such a way that 
the rays which poas through it, may be brought to a focua 
on the object. The central rays are stopped out by means ot a 
Wad: epot (hence the mime), ho that the object ia illuminated 
wholly by rays which are of too great obliquity to enter the 
objeet-glaBS, except when their direction is changed by the j 
object. The latter, therefore, appears brilliantly illni 
on a dark ground, and in many cases features which conlJ not 
otheiTvise be seen are shown very distinctly. 

The larger diatoms, insect acalea, and similar objects are 
pecnliarly Suited to this method of illumination, 
them are very beautiful as " nbow " objects. 
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Tlie Parabolic Illuminator.— This is nu instrnment 
iiiteoded lo accomplish the aamo end 
aa the epot lens, but in a fur more 
efficieut miiuner. It coDsists of a. 
block of glass, the onter form of which 
ia a parabola with a cup-shajjed de- 
presaion cut iu the upper end. It ia 
mounted in a. brass fitting, which 
slides up and down ia the sub-stage 
of the microscope, nnd thus may be 
readily adjusted, so aa lo throw the 
light properly upon the object. The 

resnlta obtained by means of the parabolic illuminator are 

wondeTfolly beautifoJ. 

Polarizeil Light.— The micro polariscope consists of two 
distinct parts, a potai-iiei- nnd an annli/iei; each of which is 
now generally formed of a Nichol priam properly mounted. A 





plac, 

Wh( 

^m pola 

^H The 
^^^K may 



Pig 53 



!thod (i£ mounting the polanzeniahown in Fig 53. 
As there shown, the lower riug in intended lo slip mto the ring 
of the Buh-atage, the rack and pinion of which enables ns to 
place the end of the prism at a proper diatance from the object. 

microscope is not provided with a sub-stuge, the 
polarizer ia turned upside down, and the brass fitting slipped 
into a ring, which is attached to the under aide of the stage. 
The milled ring, which is shown uppermost iu the figure, 
enabli^B us to rotate the priam in both coaea. 

The analyzer may bo arranged in eithet one of two ways. It 
maybe slipped over the eye-piece, or it may be mounted in a 
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power to be need is not very great. No peraon Eitould attempt 
to use high powers and complicated jnatriimeiitfi until he hwi 
served an appreatioeship bj using a ndctoseope of simple con- 
struction, and objectives of considerable length of focus. 

Let the beginner commence by examining some trarLsparent 
object already mounted. To ilo thia, set the microaoope 
on a firm table, in front of a window by day, or before 
a, lamp at night. Direct ennlight ia to bo avoided, the light 
from a white cloud being asnally preferi'ed to any other 
source of illumination. At night uab a gaslight that does 
cot flicfeer, such oa an argand burner, or a good kerosene 
lamp, the German atudent lamp being very well snited to this 
purpoae. Good results may, however, be obtained from any of 
the ordinary lamps, eapecially those with n. circular wick, which. 
are now so common. Very fair work may also be done by 
meauB of a good caudle. Thia subject has, however, already 
been discuased at greater length in another aection. 

If the microscope be a cheap French one, the objectives will 
be found attached to the body, there seldom being any apeolal 
provision made for holding them. But with all Amenetin and 
English microscopes, and the better clasa of instruments from 
the continent of Europe, special boxea are provided for holding 
the objectives. These boies are uaually made of brass, and 
are indispensable to -the microacopist that endeavors to take 
good care of hia iuatroment. Where the objective is kept in a 
sepajrate box, the body of the microscope must be roiaed to a 
snfilcient height, and the objective screwed into its place. In 
doing this be very careful not to let the objective fall and atrike 
against the stage. We have seen more than one good lens 
spoiled through such an accident. 

When tlie objective has been properly secured in its place, 
move the body of the mieroacopB up or down until the front 
lens — that ia, the lens which is nearest lo the object, ia about a 
quarter of an inch above the stage. Then turn the mirror 
until the light from the window or lamp ia reflected through 
the microacope, so that when looking through it a bright cir- 
cle of light ia seen. 

PlacB on the stage some mounted object of large size, snoh 

. a flj'a wing or aectiou of wood. If a low power objective be 
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naed, say one magnifjing lesa than 100 JiameterB, more the 
bodj pf the microBcope up, so as to increase the distance be- 
tween the objecLlTe anil tlio object. At the same time keep 
yoor eye at the eyc-piuL-e and watch closely. At a certain point 
the object will be seen with great distinctneas; it is then in 
focus, anil ia ready fur examination. Always begin with low 
powers. One of the greatest risks that the beginner n 
that of breaking tbe objictive by forcing it down on the object. 
To avoid this with high powers, bring tlia objective down al- 
most into contact with the ehde; when doing this do not look 
through the microscope, but watch tbe objective, and stop 
whenever it is siiflieiently near the object. Then apply (he eye 
to the eye-piece, slowly raise the body, and vratch for the c 
iiig of the object into focus. This is the only safe method with 
Ligh. powers. 

Before attempting to place an object on the stage, or to re- 
move one from it, Beetbuttbe objective is raised at least half 
an inch above the stage. By attempting to introduce a new 
slide without raising the objective, when using high [wwers, 
you run great risk of injuring both the object and tlie objec- 
tive. And in removing objects from tlie stage, never lift them 
ap; always sUite them off. In llftiug tbem up, great danger ia 
incurred of briugiag them iato contact with tlie objective, and 
thus doing irrepirabla injury. Sliding entirely prevents this. 

Where the mioi'oscope is not provided with mechanical 
meaoa for ndjiisting the focus, such as a screw or ruck and 
pinion, a grcut deal may be accomplished by special methods 
of mauipuIatioQ. Thus if, instead of pushing the body directly 
through tbe collar, it be moved with a slightly twisting motion, 
tlie focus may be acljaated with conaidenible delicacy, and when 
tbe microscope ia nut provided with a flue movement, a great 
deal mny be done by means of a alight pressure of the fingers 
on the stugei Pew stages are suf&ciijutly rigid to resist even 
the sligbteiit pretsure. 

The chiuf points which the beginner should endeavor to 
Btudy are the variations which are made in tbe appearance of 
the object by means cf aligit changes ia the tucussing and the 
mode oE illumination. Rsperienced microscopibts constantly 
keep their fingers on the &ue adjustment ol the microscope, 
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HUll watch tlie different appearances tthich are produced by 
•i change in tlie mode of illumination. Swinging the miiror to 
one aide, bo as to send the light through the object in an 
obliqne direction, or, iihere ILe mirror cannot be turned to 
one aide, merely turning it on the trunaiona which support it, 
will often produce most important effects. 

From what has previouBly been aaid in regard to the necrs- 
aicy for clear and brilliant SDurc«B of illumination, the young 
microscopiat may, perhaps, be led to suppose that the field of 
view cannot be too brilliantly illuminated. Such, however, is 
far from being the oaaa With ordinary powers (those below 
500 diameters) it is almoat alwaya necesaary to moderate the 
light, even of a flat-wicked lamp, and atill more that of a 
etndents' lamp. The finer details of an object cannot possibly 
be made out if the illumination be too strong; they aie 
" drowned out," and the whole object hecomea what aitists and 
engravers call Jlat. The hgbt may he regulated by the dia- 
phragm which has been previously described. 'Where the mi- 
croscope is not furnished with a diaphragm, increaeiug the dis- 
tance of the lamp from the instrument is the best mode of 
lessening the intensity of the light. 

Very bright light is esceedingly trying to the eyes, and 
therefore the student will find it advantageous to use lights of 
moderate intensity, and to increase their efficiency in every 
poHaihIe way. This may be dona to a very great extent by 
judicious management — chiefly by eichidiug from the eye all 
■unnecens'ir^ light In a room yerj brilliantly lighted with a 
number of powerful argnnd burners, it would be impossible to 
secure the proper illumination of a microEcnpia objeol by 
means of a candle, for the eye, accustomed to the bright light, 
■would fail to be impressed by the weaker one. Extinguish the 
bright lights, give the eye a short time for rest, and the candle 
will answer very well. The principle thus illustrated finds a 
practical application in the use of pasteboard sLades surround- 
ing the eye-piece, and excluding from the eye all light except 
that which passes through the microscope. Such a shade is 
easily made and adapted to any microscope, and is of great 
We have also in our own practice carried out the 
game principle by meana of extra diaphragxaa to ooi 
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pieees, thus cutting o£f all tLe ligbt which paHsea through iho 
.microficopa, except that which actuallj aervee to illuminBta the 

it will also be found of great importance to secure perfect 
purity in the special illumicBtion employed. Thus, if we are 
examining an object by transmitted light, it always detracts 
from the clenruBse and beauty of the image it light is reflected 
from its anrfuce. It is, therefore, of advunlage to shade the 
object by means of a small tin, brass or pasteboard shade, at- 
tached to the stage so as to preyejit any light from the lamp 
from falling mi tlie olijeet 

A diffieulty which trequenlly orciire to young mioroscopista 
COiiBiBts in the almost impossibility of secnring a field of view 
equally illuminated in all parts. Assuming that the mirror ia 
in proper position, and that there is noiliing to shade any part, 
it will ia general be fonnd that the difficulty arises from the 
faot that the mirror throws images of the lamp, etc., upon the 
ol^ect. Sometimea tbis is very dislinetty spen; the ehnx>e of 
the flame can be clearly (listiuguished, and the metiil portions 
of the lamp appear as dark shades. The cause is tliat the lamp 

at the exact distance nt which the mirror forms an image o( 
it on the upper surtaca of the elide, just as a lens, held in 
front of a white wnl), will throw on inverted image of a lamp 
or candle on the wall, provided the relative distances of the 
■wall, lens and candle are properly adjusted. The remedy is 
very simple; move the lamp either towards the microscope or 
away from it, as nmy be most convenient. 

As previously stated, the character of the illumination af- 
forded by a mirror, and by a white surfaoe placed at a short 
distance from the object, are appreciably diaerent. A yeiy 
pleasant method of illuminating transparent objects consists in 
the UBe of a plate of plaster of paris. Its whiteness is probably 
aapnre as that of any other substance, and it ia easily procured. 
The plate we use was cast in the cover of an old tin box, half an 
inch deep and three inches in diameter. A flat surface was 
seonred by casting it upon a board. If cast ou glass or metal, 
the surface is glazed and shiny, which is bad. Inateod of plas- 
ter, flue white paper or cardboard may be used. Such surfaces 
must not be glazed, and they should be kept scrupulously cleuu. 
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The liglit is alao aometimeB modified by pasaing it through 
gronud or colored gluss — blue being n Bpeciul favorite. Sixah 
light- mod iflera, trn they are called, produce a pletu<ant and 
equable illumiDatioD, which is a great relief to the eyes, but, 
eioept for the resolution of finely lined obgeute, we have not 
found them otberwiae of any special advantage. When it is 
desired to obtain the greatest resolving power that a lens is 
oupable of affording, the blue ceU, as it is called, is probabi; the 
moat efficient accessorj. This is aimply a glass tank, somewhat 
like a zoophyte trough, filled with a solution of oxide of copper 
in liquor ammonia:. The solution is prepared by adding 
liquor ammouim to a saturiited solution of sulphate of cop- 
per, until the precipitate wbich is Brat formed is re-dis- 
solved. The intensity of the bine may be regnlated, either 
by diluting the solution, or by varying the thickness of the 
layer of liquid. 

When it is desired to eiamine anything by light reftededfrot* 
it, vaeteaAotW^lit transmitted through it, the object should be 
placed before a deud-blnok surface, sucb as the dark part of the 
diaphragm, or a blackened card, and at such a distance from it 
tliat the surface of the baalsground is not in focus. Then, 
place the oondensing lena in relation to the lamp, so tbat a 
bright spot of light will fall on the object, and on bringing it 
into focus it will be clearly seen. Low powers only can be 
satisfactorily used for the examination of opaque objects by 
beginners. 

The beginner should commence with the simplest mounted 
objects, and afterwards, when a little skill in the manipulation 
of the instrument has been acquired, he should proceed to the 
examination of such simple nnmounted objects as are easily 
prepared. The ktter course will prove altogether tbe most 
valuuble and instructive, for he nho confines himself to the ex- 
aminatioij of mounted objects only can never hope to become & 
microscopist. After a time, when a little ekiU has been 
acquired in ihe prffparation, of objects, the student may proceed 
to preserve and mount them. Moat young people try to wmiil 
before they have learned to prepare objects, and the conse- 
quence is that they soon find themselves in possessioii of a 
large collection of very poor slides. 
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the Use of Objectirea of Large Apertures.— 

the first edition of this book was issued, widG-iuigled ob' 
ttivea were far from common. The "Battle of the Object- 
(«ea" was at its height, au(l objectives capable of resolving 
Amphipleura pellitcida, or Nobert's nineteenth band, by aim- 
lamplight, were comparatively scarce. During the interven- 
yeara the opticians have been hard at work, and have turned 
objectives of a high class to such an extent that almost 
ivery microscopical society numbers amongst ils members those 
who have glasses of high balsam apertures. It is an unfortu- 
nftte fact, however, that thus tar the text-books are entirely in- 
nocent of any directions for using these glasses. We have now 
before us a treatise of over 400 pages, which left the author's 
hajids as late as the middle of 1880, and which does not contain 
a single direction for the nse of the cover correction ! As a 
ifcification of such omission, it Los been alleged that ohjec- 
es of large aperture require no more care and skill than 
thers. From this position we most emphatically dissent, and 
idenco were wanting we could cite the case of a prominent 
officer of one of our microscopical societies, and one who claims 
to be an expert iu the use of the microscope, who thought it a 
great feat to show No. 18 of the Probe Plotte with a i objective, 
which nntloubtodly was capable of resolving No. 20 handsomely 
if properly handled I It is now many years since we saw Mr. 
Tolles resolve No. 20 with a quarter inch objective and a com- 
mon hand lamp burning kerosene oil. 
Instruction in the proper methods of handling firat-olass 
qeetivea is best obtained from a living teacher. It will be 
d one of the most difHcult things to learn from a book, 
reason for this is that until he has become cspert, or has 
seen the objects in the hands of some one who is expert, tlie 
student does not know what appearance to look tor. The con- 
sequence is, that he is al! the time working in the dark. But 
after he has seen the Amphipleura ov tlie Soxonica well shown 
by some one who knows how to handle a good objective, he 
has a standard of excellence to go bj, and it will be very strange 
if, atfer a few trials, he does not surpass the work of his teacher, 
^en, OS soon as be boa learned to bring out what he knows to 
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ho tlie best results on difficult diatoms, lie knows when liia 
lenses ore doing good work in Im hand», and, so far as Iub ia- 
Btniment is couoerned, lie feela confident tliat lie can apply it to- 
any class of olijecta and get views that are trnatwortliy. 

To get tho l>eat residts from modem objectires of wide angl&J 
of aperture, there are two thinga that must bo carefnlly 
tended to — the illnmination of the object, and the adinstment 
at the correction for the thickness of cover-glass. Of delicacy' 
in focnsaing, which, by the "way, is a most important point, it 
is tinnecessarj to s]>eak. 

As regards illumination, the three great points that must be 
secured are purily, intensily, and suitabUttij. By purity we 
mean that the light must be wholjy of a certain degree of 
obliquity, for these wide-angle lenaea gather in so many raya, 
that a diffiisBd light, which does not affect low-angled objec- 
tives, greatly injures the working qualities of those of high 
angle. Thus, for example, if we are working by centra] light, 
itis neeessary to abut out all the direct rays from the lamp, 
which would ent«r at every sort of angle, and produce coa- 
fusioQ. A narrow pencil, produced by sending a beam of 
parallel rays of intense light through a. small hole placed some 
distance below the stage, will give central illumination, which, 
will give very different results from that obtained by a dull, 
diffiised light, such as may be obtained from the flat side of 
wick of a lamp, felling on a largo mirror and reflected upwanLl 

When oblique illumination is used, great cave should b«' 
taken to prevent rays of different degrees of obliquity froofc' 
falling on the object. A large, concave mirror fills a lai 
portion of the are through which it swinga, and its upper andi 
lower edges reflect rays which fall upon the object with 
different degrees of obliquity. Where very oblique rays ai«< 
used, but a small proportion of them enter the glass slide,,, 
unless they are "guided" through by some such contrivanca 
as the Refles Illuminator, ToUes' Traverse Lens, etc. Rays ol 
less obliquity enter much more freely, and although less in 
quantity than tho othere in the first place, they drown them 
out. In the exclusion of these rays consists in a great degree 
the value of many of the " iUumiuators " in common use, and. 
the same effect may be secured to a conHidetablo extent 
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means of a simple Bcreec Tliia fiwt Laa Itoeu maJe very ap- 
parent by Prof. J. E. 8mitb, wlio, by the use of a simple 
" obliqne diapbragm," as it ia called, baa aeciired reaulta wbicb 
■were previously supposed to demand niucb more complicated 
and ospenHive an-angeiiienta. Tliis oblique diapbragm, or 
screen, consista of a plate of very tbiu metal secured to tlie 
undej; surface of tbe stage. Tlie Atage then forma the upper 
surface of a ^, and tbe metal plate tbe lower one. The angle 
may be adjusted at will by simply bending tbe plate, and it is 
evident that all rays from l)elovr will be eutii'ely excluded. 
A piece of tbe tbin iion known as fuiTotype ptate is tbe cbeap- 
est and best material for tbis purpose. Its surface sbould be 
dead black. 

Tbe same result is obtaiued by tbe use of a conical dia- 
phragm fitted to tbe sub-stage. 

When such objaota aa difficult testa are viewed by obliqne 

light, it will be found that tbera is a certain angle of illumiua- 

tiou at which tbe objective will generally j>ei-torm best, and 

this must be found by careful experiment. The higher tlie 

;l6 of ai>erture of tbe objective, tbe greater may be tbe angle 

which the object is iiluininated, but it ■will be found that 

.By objectives fail to work up to the full angle claimed for 
lem by their makers. 

Such aie tbe general principles to which the stu<leut musit 
pay attention in regard to the matter of tUumination, but in ad- 
dition there are numerous minoi' details, a knowledge and appre- 
ciation of which can only be acquired by jiractioe. Tbe finer 
objectives are so sensitive to the sliglitest chaoges, that tlie 
least movement of the mirror or lamp infiuences the result in 
a very marked degree. , 

The other important point to be attended to ia the cover- 
correction. Tbis wiil be found to demand great patience and 
attention. Tbe older authorities give fixed rules for regulotiug 
tbe oover-adjustment, but as it unfortunately happens that tbln 
adjnatment varies not only with the thickness of the covcr- 
glaes, but with the depth to which the object ia sunk in the 
mounting medium (and this is not always the same), and tbe 
Angle of illumination, it will be seen tbateacL object I'equirea 
rpecial attention in regard to these points. In addition to this, 
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it will be fonnd thut cacli objective lii 

teristics, whicli must be carefully atudied by the owner if lie 

would csoDimimil auct'ess. 

The difficulty of giving any rules which will enable tUe 
student to put the "finer touches" on this kind of work, is well 
set fbi-th by Dr. Blackbam in a recent article,* from which we 
quote as follows : 

"It will probably be expected that something should beeaid I 
Lere in reference to the atfjusbneat at the objective for dif- 
ferent cover-glasses, et«., by means of the screw collar, bnt on 
this point, unfortunately, but little can be said, though, of 
a most important one, and the better the objective 



and the wider its 
ment. Every wide-angled 
having, is a separate work of 
uftlity with which the worki 



important is accurate odjust- 
objective that ia worth 
't, and, as such, has an individ- 
must become acquainted, and ' 



which he must learn to turn to his advanfage. 

" None of these lenses which I have seen are perfectly achro- i 
matic, and each has a special wave length at which it does its 
beat. In Tolles', and Bauach & Lomb's, and I believe i 
Spencer's lenses, thia is between the blue and the green, bnt 
the exact shade differs with different lenses, and must be found 
by experiment. My plan is to adjust roughly by means of tlie . 
tint of the field, then to biing an object into the fieUl (it we 
are at work on the Probe Platte, one of the easier diatoms, say 
Pleurosigma anguUdum), and focus on it and arrange the illu- 
mination OS accurately as possible, and then with tlie finger and 
thumb of the left hand, turn the coiTection collar of the objec- 
tive backwards and forwards, keeping the object in focus all 
the time by means of the forefinger of the right hand on the 
milled head of the flue adjustment, until the best effect is ob- , 
tained. An occasional slight change in tLe position of the n 
ror is often needed. 

" In all these manipulations, deliberation and 
needed, and the patience of the beginner will often be sorely 
taxed, but let him remember that Dothing worth having, can b« 
gotten without trouble," 

'American Journal of ilirroeeopy for February, I 
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Care of the Microscope.- 



. tnicroBCOpe, 



when not i. 
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should ulniiyB be kept ^vell ouveretl, either 
under a suiCab'.e cover. There is no more convenient mode of 
keeping a microscope than to stand it npon a cloth mat, and 
covet it with a glasa shade. It ia thns kept tree from dust and 
TBpors, and ia alwaja ready for nae; but when it is kept in ita 
ease, iind eapeciidly if it has to be screwed together, interesting, 
valuable, or even important objects, will often fait to be ex- 
Amined, dimply becnuse too much time and labor are necessary 
to prepare for the operai ion. 

A good microscope should be bo carefully protecttd, that it 
bUsII rarely require to be cleaned or dusted, as tliis wears off 
the lacquer, and esposes the metal, which, when tbiis uncov- 
ered, soon begins to tarniah. When dusting or cleaning becomes 
absohitely necessary, chamois leather, or a very fine old linen 
or silk handkerchief is most suitable. Never ase coarse clotha, 
or those that have been lying about exposed to dust and dirt. 

The lenses should be kept in their boxes when not iu use, 
and when they are attached to the microscope, great care 
should be taken to keep them from coming into contact with 
liquids. Id order to prevent the latter accident as far as pos- 
sible, never examine liquids unless when they are covered with 
thin gla-ss. In the pursuit of micro'chemical studies, the 
microacopist has frequently to deal with liquids that corrode 
metals, and even glass. In well-appointed laboratories inverted 
microscopes are used in such cases, hot with ordinary instru- 
ments, special means must be employed. The object should be 
laid on a lai^ piece of thin plate glass, and the brass work of 
tiie objective should be coa1«d with oil. The rest of the metal 
work may be protected with oiled silk or thin india-rubber. 

When bquids which corrode glass are used, the front of the 
objective should be protected by meansof avery thin leaf of the 
best mica, which may be attached either by glycerine or balsam. 

These, however, are esceptioual precautions. In ordinary 
work it is sufficient to see that the lenses and metal work are 
kept free from stains and finger marks. 

Never touch with the fingers tlio surface of any lenses, either 

re-pieces or objectives, as this will becertaiu to soil them. Use 

soft camel-hair brushes to remove particles of dust, etc Where 
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dirt ftdlieresmoreBtroiigl;, use &ieliaeiisii^7//f^ moistened nitli ' 
alcohol, and wipe dry with very fine chamois leather. Eemerr - 
ber, that alcohol, if used profusely, will attack the lacqaei of 
the brasB-worlc, and even dissolve the cement which holds the 
lenses together. When objectives are smeared with balsam, 
the best oleaneing agent is eaid to be kerosene oil. The piece 
of leather used for wiping lenses should be free from daat, and 
is best kept in a small box by itself, and nsed for nothing else. 
It mnat be remembered that the glass of which objectives ore 
made is easily scratched, being soft when compared with pada- 
cIcB of sand and grit; consequently, when frequently \riped it 
soon loses that exqaisite polish upon which its eioellenoe of 
performance so much depends. What, then, are we to think 
of the directions gives by the author of a popular work on 
the microscope, in which we are told to use a piece of leather, 
slightly impregnated with brick dust 1 1 No better method of 
destroying an objective could possibly be devised. Therefore, j 
see that in wiping, the slightest possible presaure is used, lest ] 
any particle of grit should make a scratch. 

The exposed parts of all microBcopcs, as well as the objectives 
and their cases, are lacquered, to protect them from being 
soiled by handling, but the interior of the boxes which hold the 
object-glsBses ore rarely so protected, and the black coating of 
the interior of bodies, draw-tubes, etc., is frequently not very 
firmly aitaebed. Therefore, never touch them with tLeflngers. 

After takiug an objective out of its box, either screw on tha 
cover of the box, or pluce the latter with its open end down. Do i 
not stand it mouth up, so that it may catch all the dust. I 

When exhibiting the microEcope to others, great care is necea- 1 
sary to keep meddlesome fingers from soiling the glosses. Some < 
people are never content when merely allowed to look at thinga:^ 
they insist upon handling them, and feeling them. To the 
young mioroaeopist, we would sajthatif any of jour friends in- 
sist upon handling your objectives, eye-pieces, etc., put up the 
instrument and pack it away. A microscope carefully ased is 
as good after fifty years as when first made, but we have aeen 
an instrument suffer more injury in half an hour at the hands 
of a thoughtless and dirty person, than it would have bub- , 
tuined in twenty years in the hands of a careful mioroscopiBt. 



OP THE MICROSCOPE. 



COLLECTING OBJECTS. 



Those wlio are engaged iti epeciiil stadies ojid researolies re- 
quite no directions tor oolietiing ohjiKis; but to those who use 
tlie microscope for purposes of geaoral iustrnctioa or amuse- 
ment, a few Liats may not be out of place. Almost ererj text- 
boot onbotauy, physiology, mineralogy and kindred Hubjacts, 
Will not only indiej,ta a long List of objepta, but will give di- 
rections for procnring them. Plants yield a very large variety 
of interesting subjects. Thus the cuticles of the leaves and 
'flowers; cellular tissue aa shown by dissections, and by cross 
'and langitndinal sections; hairs, pollen, seeds, etc., all deserve 
earefol microscopical examination. Insects furnish an ulmoat 
nnJiinited field, and their wings, feet, eyes, mouth, scales, spira- 
dea, hairs, etc., are all worthy of careful preparation and exam- 
ination. 

It is, however, amongst the more minute forms of animal and 
vegetable life, as found in pools and running Btreams, that the 
lostinterestingobiectsareto V>e found, and the numberand var- 
iety of these is so great that several large volumes would be re- 
quired to describe them. Even the ponderous works of Ehren- 
berg and Pritchord do not begin to exhaust the subject, oud, 
therefore, it will be obvioits, that even it we were to devoto the 
Tvhole of the present volume to this department, we conld 
bnt skim tbe surface. Thus far we have itad to depend chiefly 
upon foreign works for descriptions of these organisms, but it is 
fortunate that while the higher classes of plants and animals 
which inhabit Europe, and are described in European works, 
are entirdy different from their congeners on this continent, the 
Esme does not hold true in regard to the lower forms. We have 
found locuHtiea which teemed with the Volvon Globalor and 
various species of Closleriitm, Stauriislrwm, Pediasirum, etc. 
Hydras are to be found in great abundance, and so nearly like 
the described European species that the beginner will find it 
difficult to detectthe difference. Wehaverepeatedly found the 
\hanoceras, J/e/icerto and other beautiful microscopic objects, 

id u foi the more common ooes, such as the VorticeUt, oi 
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■wheel animalcules aud Eulumostraca, or water fleas, they are 
to be found in every pool. 

Every young microscopist tLat ia dcBiroua of purauing his 
Bludiea in tliia direction, ia niet at tlie oufset by two difEculties; 
the first ia to obtiin the objects, tlie second ia to flud out what 
thejare after ho Las gi.it them. The firat i^liy no means a dif- 
ficult task, but the second will often puzzle more esperienced 
Btudenta than those whom we expect to be readers of this book. 
We know of but two waja to accomplish it; one is the luboriooB 
plan of searching for them in the " Microgruphio Diction- 
ary," or the books of. Carpenter or Fritchard; the othet is 
to obtain the desired information from some weU-informed 

The objects which are of most interest to the microscopist ore 
not diflieolt to obtain, it we know where to look for them, bafc 
they are not to be found eTerywhere. Many stagnant poola 
will be found to yield bat a scanty supply, while others, which, 
perhaps, to the uninitiated present a less promising appearance, 
will jield a rich harvest. Beginners are very apt to entertuia 
the popular notion, that in>eri/ drop of water teems with animal- 
cules, and that when placed under the microscope, it will appeac 
til be literally filled with living things. Tliis idea ia fostered 
by popular writers who describe a drop of water as a globe filled 
with life, andby lecturers who exhibit pictures and enlarged im- 
ngea of what they call "a drop of water," but which is in reality 
a considerable quantity of that liquid which has been artificially 
supplied with iuhabitanta. Clear well water is almost free from 
microscopic organisms, and the same is true of the water from 
clear brooks, which flow swiftly over a pebbly bottom. Ordin^ 
ary lain water, as found in cisterns having free comm 
with the air, usnilly contains large numbers of the larvra of 
gnats and mosquitoea, and when exposed to the light it is almost 
always rich ia wheel animalcules, and some of the lower forms 
of vegetable life. The water supplied to our cities 
eral very rich in microscopio vegelables. Thus in the Croton 
water, whit-h is compurutively pure, we have found a large 
number of very beuutifid species, amongst them the exquisite 
Maaachinus. The best way to secure a supply of the 
and vegetable inhabitants of eity water, is to pajs a considttr»> 
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ble quantity of it througli n. filter, tlio surface of which will 
Ihsn furnish a large Bmoiint of valuable matter. 
But it is not in such fields that the microscopist will find ]iU 

' best hunting groiinds. Along the edges ot qniet pools of clear 
water is the best place for the finer vegelnhle forms, such as 
the Volvox OhAiiior, ClosleriuTn, etc. If the water is mnch con- 
taminftted with dead animal niatter or with sewage, nothing will 
bo found but the coarser organisms and auimalcules, each as 
Paramecium. The same is true of amaJl poula found in woods, 
f or Tery much shaded with trees, and fillad with dead leaves. 

' Sach places are, however, the favoiilo Laiinta of the larvse of 
insects, and ulso of frogs and Tritons. The size of the pools is 
not of much consequence. We romember on one occasion to 
have found by the roadside in Centre County, Peunsylvtinia, a 
little pool which was almost filled with the lurvte of Tritons. 
The gills, which were beautifully developeU, would have formed 
a splendid object under the microscope, but when we returned 
next day, for the purpose of securing some, the water had dried 
up, and the larvie were all gone. 

The little pools formed in boggy ground by the footsteps of 
cattle will often be found to contain large quantities of one or 
two species of desmids or diatoms. It will not do to look for 
t'jese objects in similar pools formed in ordinary soft land, and 
temporarily filled with rain water. The ground must be na- 
turally Bud constantly wet, so that the pools are always kept 
filled by the infiUriklion of water from the surrounding Boil. 
Snch pools, however amall, usuully contain a large number of 
Bpecimens, and it is iu such places that one is most likely to 
find a supply ot one variety unmixed with any others. 

' While many of the most interesting olijeeta will bo found 
swimming freely about iu the water, others of great beauty are 
always attached to floating weeds, slicks, etc. We have gen- 
erally been most successful in discovering specimens of this 
kind when we have placed the gathering in a large glass jar, and 
oJlowed it to stand quiet for some time. The water will then 
Betlle, and the objects of which the microscopist is in search 
will have time to expand, when they may be seen in a form 
resembling light mould, or down, attached to the surfaces of 
tha solid matters. 
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The snrf ace of tlic miiil at the bottom of ponda of cl^qr 'vraier, 
is frequently very rich in microscopic vegetable oiganiama. 
These miuute pluiits eeem to neek the light, mid to rise thioiigh 
the mad ■which would otherwise cover theju, so that by care- 
fully scraping the smfoce of the bottom, we are enabled to 
procure Ibeni in liti^e niimbara. 

It must, of conrse, be borne in mind, that while some specie* 
are found in fresh water, otLera are inariiie, that is, they live 
only in sea-wafer. The best locations for finding murine fomtf^ 
are: 1, the pools of cenr water, found in salt marshes; 
the surface of the mnd at the bottoms of jiiarbors and quiet, 
coves; 3, the waters of the ocean itself, as well as that ol thej 
bays and coves connected with it. 

The apparatus required for capturing these various obji 
is neither bulky nor expensive. For larvie and the larger ani-- 
molcnles, the most usefnl implement is a small net Ours cou' 
sists of a ring of brass wire (iron wire would rust aad distrofi 
the nel ) about six inches in diameter, soldered to a tin tube 
ferrule, which fits tightly on the end of a walking cane, 
the ring is attached a bag of any light, gauzy material, which 
liossesses the two qualities of letting water out rapidly, and 
keeping small objects in. "With this net it is easy to capture 
imything from a small fish or a frog to the very smalleat larra,' 
Rud itis very portable, since an ordinary walking cane forms Kj 
sort of universal handle for this and otlier implements Nextn 
to the net, we find the most useful articles to be bottles. They 
should be of clear glass, so that any object contained in them 
may be readily examined by means of a pocket lens. For this 
leaeou we prefer what are colled homceopathib phials of large size 
(half ounce and quarter ounce), and we generally carry a dozen 
or two when out on a tramp. A fair sample of the contents of 
a small pool is easily obtained by gently lowering the phial, 
month downwards, uuder the water, and bringing it cuutionely 
to the place which is supposed to be richest in specimens. The 
l>hial is then tujTied mouth upward, the air rushes out and the 
objects are carried into the bottle by the force of the inmshing 
current of water. For small, shallow pools, the phial is m.o$i, 
conveniently held in the hand, bat when the water is deej 
linndle is reqaired, and for tbis wo use the holder shown 
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I Fig. 55. 

' KDother bottle, 
bottle ii 
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Fig. 55, which is made to fit on the eml ot llio iviillting stick. It 

conaistB of a ferrala liaving a eemi-cjhndrical piece soldered at 

^1^—^,^^ right angles to it. The fermle fits the cane, 

E^^^^^^Q and tile bottle is fnstened to the cross piece 

^^^^^^*" by meana of a rubber ring — the method of 

D arranging the Intter being easily understood 

HI from the engraviug. A (lozeu or more bottles 

i i of proper size niiiy be taken along, and they 

ao easily attached to the holder that there 

lo necessity for transferring a "dip" to 

) contents ore most easily carried in the 

which they were first obtained. 

lien the water is too deep foi a nulking cane, a fishing rod 

ly long pole may be used, and where these prove too short, 

harbors, etc. , a bottle may be lowered and raised properly 

by means of strings. For tliis purpose the bottle must be 

^eavily loaded with lead round the neck, and two stringa must 

he attached to it, one fastened to the neck and the other to the 

l)ottom. It is by the latter that the bottle must be lowered, 

,t>at it must be raised by the other. If properly managed it 

'■will descend mouth downwards, but the tension oE the string 

attached to the neek will invert it, aad when raised by this string 

it will bring up its contents very perfectly. 

For scraping tbe surface of the mad at the bottom of shallow 
pools, we usf the spoon shown in Fig. 56. It is simply aring of 
tin five inches in diameter and one 
.inch deep. Tbe lower edge is 
' •* wired " us the tinsmiths call it, and 
' there is a ferrule soldered to the side 
BO that it may be flsed to the same 
canethatisusedfortbenet. Orerthe Fig. 56, 

bottom is stretched a piece of some 

thin fabric, such as thin muslin, gauze or tarlatan, which is held in 

^laceby a rubber band that slips overthe wire ring on the lower 

Ige It is best to make one side of the ting somewhat fiat, so 

adapt it better to the flat surfuce of the mml. When the 

'pieces of cloth get soiled, they are easily replaced, and, indeed, 

cases it is not a bad plan to carry the mud home in the 

Tet cloths, a dosen or more of which, with their contents, m:iy 





be easily paclied ia a tin 
boK of emull size. Ooe of 
tlie boxes used bj school 
children for lunch boxes 
anawerB very well, bnt aoy 
tin bos with a lid or covec 
will answer. As it is im- 
portaut tliat B. record should 
be Itept of the localilj from 
vhiuh the dip vbs taken, 
we cnrry a few slips ot 
parchment paper, one of 
which is pinned to each 
olotb, after the uecesBsarj 
memorsinda have been 
written u[)on it with a hard 
penoil. On returning home, 
the conteuts of each cloth 
may be transferred to a 
separate bottle. This plao 
saves tha carrying of na- 
merouB bottles, and the 
water required to fill them. 
An exceedingly enveni- 
ent traveling compaoion. 
for those who are fund of 
floUecUcg, is shown in the 
accompanying engraviiig, 
Fig. 57. The main part 
forms a very couvenient 
walking cane of ordinary 
appearance. Like nuuiy 
fittliiug rods, bowever, it is 
hollow, and cnntaina a sec- 
ond rod by which it may be 
extended to twice its length. 
This enables the 
reach the bottom o[ any 
ordinary pond, and to reach 
u fat as is necessary from 
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the shore. Accompanying the cane. A, are the hooked knife, 
B, and the ring and br.ttle, C. These are made with a doable 
Gcrew, aa that the; m£,y be attached either to the end of tha 
cane itself, or to the inner rod, and. in this waj vie can have 
either n ahort and stout handle, or a longer and more slender 
one, aa circumatancee may require. The bottle is made so aa 
to BcreiT iuto the brass ring, and the same screw enables us to 
fit a wooden cap on it, which thus encluses the contents tightlj. 
The booik is made of &ae stsel, and has a sharp cutting edge, as 
seen in the engraving, so that it is easy to cut off a piece of 
weed, drag it out of the water and si 

Those who carry such a 
cane do not attract attention 
by any unusual parapher- 
nalia, and at the same time 
they are at all times ready to 
secure any valaable material 
that may present itself. Sev- 
eral bottles may be carried in 
the pocket, and screwed into 
the ring as required. 

The collector who deairea 
to make a thorough examina- 
tion of the mieroacopio flora 
and fauna of any pool or 
stream, must not reet content 
with in&uitesimal quantities 
af material. It ia not neces- 
sary, however, to lug home a 
galloii of water fur the sake 
of the objects contained in it, 
and BO folly have microacop- 
ists been impressed with this 
idea, that the devices which 
have been prepared for strain- 
ing out the v.iluable portions 
almost emlless. The best 
id simplest that we have 
modification of an 
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them with the snine walT, mtid, etc, in which they were origi- 
uallj found. It will sometimes, however, be^well to filter the 
ivo nil such iuhabitaDts as are apt to eat up 
, jnny be filtered through paper, or where fil- 
icessible, the neck of a funnel may be looaelj 
plugged with cotton. E^en this does not quite tree it from 
noxious eggs or germs, and we have 8om.etimes boiled it iu the 
flask in which the objects were to lie kejit. The mouth of the 
flask was then pluggeil with loose rottou, and when the water 
was cold, the objects we wished to preserve were introdaoed. 

When floating freely in these diminutive Hquoria, many ob- 
jects are as difficult to find and capture as would be a smull fish 
in a large poud. The microsoopist, therefore, requires specinl 
means for capturing them, and placing them on a slide, Por 
this purpose nothing serves so well as what are known ns dip- 
ping or fishing tubes. These are simply glass tubes of different 
diameters (from one tenth to one quarter of an inch), and of 
any convenient length. They are u^ed by closing the upper 
end with the finger, bringing tbe lower end near the object (nn- 
der the water), and then removing the fingers from the nppet 
end. Tlie water, in seeking to find its own level in the tube 
rushes in with great force and cames the olijeot with it. By , 
again placing the finger on the upper end of the tube, the latter 
may be lifted from thebottle, andthewaterwithit, aadbyalittlo 
dexterous management it is easy to cause the object to flow out 
on a slide without allowing too much water to go with it. 
These tubes are made straight, curved, and with one end drawn. 
to a point, but for most purposes the straight tnbe answers best 
as it is most easily kept clean. We prefer to grind the ends 
rather than to make them smooth by fusion, as the Litter pro- 
cess generally contracts the opening, and renders the tube dif- ' 
fieuit to dean. The best plan, however, is to heat the upper 
end strongly before the blowpipe, and turn the edge outward 
like the mouth of a lest-tube. It ia then easily closed, and the 
tube is veiy strong. The lower end should be ground. 
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PEEPAKATION, PRESERVATION AND MOUNTING OF 
OBJECTS. 

These tiiree operations are bo fieqnently applied as a single 
process to objects, that many writers liave failed to make a auf- 
fldent distiitctioa between them. Bj keeping the proper dis- 
tinction clearly in mind, however, the atudrnt will not only 
B&ve mnch valnable time, bnt he will secure vastly bettor re- 
sults. Bscept by those who are more anxioaa to increase the 
number of objects in their cabinet than the amount of know- 
ledge which they possess, a very large proportion of the ob- 
jectsexamiuedwill never be preserved or mounted at all. This 
however, should not prevent the utmost care lieing given to the 
process of preparing them for thorough examination. On the 
other hand it often happens that objects which have been ■ 
carefully prepared aud mounted, spoil because they have not 
been snhjected to a proper preserving process. Hence the 
importance of treating these operations separately and fully. 

1 The Preparation and Exaniliiation ot Objects.— 

■ It is a common but very erroneous idea that the only thing 
that ia necessary in ordt-r to esimine any object nniler the mi- 
croscope, is simply to place it on the stage, and get it into 
focus. With the exception of mouuted objects, a very few 
transparent objects — such as the wings of inseets — and some 
things that are viewed by reflected light, every substance re- 
quires to undergo careful preparation before it can be fit for 
profitable examination. A good example of the neceasitj for 
such preparation is seen in the common potato, apiece of which 
when simplyplaced on the stage of the microscope, and brought 
into focus, appears as a glistening musa, and reveals nothing of 
ita troe stmctuic. If we now cut from this lump, by means of 
a very sharp knife, an exceedingly thin slice, place it on a 
plate of glass, moisten it with a little spirit and water, or better 
still, glycerine and water, and place over it a tliin glass cover, it 
will disclose to us a most wonderful and beautiful atructure. The 
entire mass will be seen to be composed of cells, these cells be- 
ing dlled with granules of starch of various sizes. 



Tile operation which, we have thus briefly described as appK- 
ciible to the potato, is requitEil fur a gientmany other materials; 
for whenever a aiibBtauee ia to be examined under any except 
the very lowest powers, it is absolutely necessary to obtain it in 
pieoea aa thin as possible, so that the light may readily pass 
thraogh tbem, and it ia iu general requisite to increase tlieir 
transparency either by immersing them in a fluid, or by some 
other means. In preparing objecta for the mieroBcope, our 
iiim IE in general to examine either the ultimate atrncture ol 
the substance under investigation, or the arrongemeut of its 
different parts; and the prooesaes which are most available for 
tliis purpose may be classed under three heads; 1, Mechanical, 
such as section- cutting, dissection and injection; 2, Chemicul, 
such aa the nse of iodine for detecting starch; ot alcohol tor 
hardening certain stmctnres; of coloring substancea for stain- 
> ing germinal matter, etc, ; 3, Optical, such aa the action 
whereby certain liquids change the transparency of some ob- 
jects. Of some of these processes, auch as injection, staining 
and the extended use of chemical tests, elaborate descriptions 
would be required in order to enable the student to carry tbem 
ont with Baccess, and we mnst refer him to the works of Bcolo 
and Frey, which are very complete on these points. 

Thin sections of any soft substance are easily made with a 
very sharp knife — a good razor being probably the best availa- 
ble instrument. For work in the higher departments of micro- 
scopy, and for the preptiration ot fine objecta /or sole, special 
instruments known as section -cutters are employed, but fur the 
ordinary work of investigation, they are not absolutely neces- 
sary though very convenient. Using a good sharp razor, it is 
an easy matter to shave off any soft substance a wedge shaped 
piece, the edge of which tbina off to nothing, aud which pre- 
' sentaiuits different partsall varieties of thickness, so as to afford 
a perfect opportunity to study the object under esaminutiou. In 
this way, which ia known as the " free-hand " method, suitable 
sections of most animal and vegetable substances may eoaily be 
prepared, and the student will be surprised at the dexterity 
which a little care and practice will confer. 

Forouttiug aectiona of very soft tissues a special knife, known 
113 Valentin's knife, has been invented. It consists of two 
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blades so orraaged iu oiii; Lauillii that their distauco from c-eh 
otlier may be easily regulated. When a cut is made with this 
iluuhle'liladed knlEe, & thiu slice of the tissue posses between 
the blades, and coustitates the sectioa. It is an instrument, 
however, which will hardly be used, by beginners. Sections 
of substances of greater consistence, such &a wood and soft 
boues, are most easily msde in a regular section cutter. The 
patterns according to which these instruments, are constructed 
are very Torious, but they oU act on the principle of raising 
above the surface uf a brass table, by means of a. fine screw, the 
snbstance to be out, and then pitssiug a very sharp razor or 
kuite over the table so as to shave off the projecting part of the 
object, Tlie table is usually of brass, ground and polished. 
This gives rise to two serious defects. Tiie metal is too soft in 
the first jjlace, so that it is impossible to press with sufficient 
lorce on the razor without cutting into the table, and secoadly, 
wUea any soft metal has been grouud on a grindstoue or emery 
wheel, the surface becomes so impregnated with gritty matter, 
that it very rapidly destroys the edge of the cutting tooL We 
avoid these difficulties by fitting to our section cutter a stout 
plate of hardened steel, tlie surface of which has been highly 
polished by means of buff leather. Quekett describes a cut- 
ting machioe in which the difficulties we have mentioned arc 
obviated bj&xiugtbekuife iuaframesothut it is raised above 
the table, aud does nottouch the metal. Its edge is thus pre- 
served from injury, and the blade itself cannot be affected by 
variations in the pressure exerted. Dr. Curtis, of this city, has 
adopted the sume principle in his section cutter, the details of 
wbich are admirably carried out. 

Ill making sections of wood and similar substances, the sjieci- 
men is first well soaked in dilute alcohol, and is then fastened 
eecorely into the tube of the section cutter, either by wedges or 
by casting wax or paraffin around it. The process of raising it 
by means of the screw aud passing the knife over it, is simple 
enough, and can easily be learned. 

With the ordinary cutting machine, success in making thin 
seotions seems to depend upon the perfect sharpiiess of the 
cutting edge, the thorough moistening of the knife and section, 
lud the rigidity of the bliide. The latter point frequently foils 
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to receive the attention that it deserves. Where iv thin, flexi- 
ble blade is used, a moderate change in the amonnt of preBSure 
emplojed will make a great difTereiice in the thickness of- the 
Hection, even ho far as to double it. When the blade is stiff, a 
change in the degree of pressure Los but little cjlect. 

Soft substances must first be baidened either bj immersion 
ia alcohol or other meana, and in general must be supported by 
being surrounded with melted wax or paraffin. Where the 
specimen is very slender (such as a hair) it must be carefully 
supported between firm and rigid clampa. Corks and similar 
yielding substances, which are rei^onnneuded in most booka, 
never give a cross section accurately taken at right angles. The 
same is true of the plan so much reoommended for obtaining 
sections of hair, \iz. : to pass the razor over the face shortly 
after shaving. We get sections it is true, but they are all 
oblique. The best way to get true sectionsis to imbed the sub- 
stances in glue, gum, paraffin, wax or some such material. 

Sections of bone are prepared by sawing off a thin slice in the 
first place, and cementing it to a slide by means ot thick or old 
balsam; one side is then filed or ground flat, and polished on 
bufl leather, after which the section is transferred to another 
slide BO as to expose the other side, which is then filed down 
and polished as before. Oreat core must be taken so as to hit 
just the right thickness, and the operation of cementing to the 
slide must be performed expeditiously, eo that the balsam may 
not saturate the section, and render it too transparent, as when 
this occurs certain very important features become invisible. 
i Very hard substances require special apparatus, and consid- 
erable skill. Still it is astonishing what may be accomplished 
by means of good files, whetstones and grindstones iu the way 
of preparing thin and transparent sections even of such sub- 
stances as rocks and stones. 

In order to acquire correct ideas in regard to the structure of 
objects, of which sections are examined, the student should fa- 
miliarize himself with the geometrical forma produced by cut- 
ting cylinders, cones, spheroids, ete., iu various directions. 
Thus a cylindrical vessel, cut squore across, showsacircle; when 
cut obhqucly it shows an oval (ellipse) of greater or less length 
and when cut longitudinally it shows two lines which have no 



I 



OP THE MirEOSOOPE. 



-)ip.irent connectiai 
that we BLoiild ncvt 
alone. luevery cas 
smiflrf preparatious a 
The soft parta of 



^^H Tei 



191 

with eaeli other. The truth is, however, 
r deduce the form of vessela from aeotiona 
3 it ia necessarj' to esamiue carefully dis- 
iwell assectioiv 

inimnls and vegatablea are frequently pre- 
pared for exumiuiition by CBTefnl disaection, that ia to say the 
different patta are eeparated from each other, and freed from cs- 
tnmeons m&tterby meanaof knives, scissors, forceps, needles, 
camel hair pjAijila, etc The inivea used by the microseopist are 
eimilar to the scalpeb ordinarily employed by anatomista, but 
Bmaller, and unless very finely tempered and well-aharpened, 
they are worthless. The knivea sent out with low priced micro- 
ecopesate is generaltheverieHttrash, and the same ia true of the 
needlea. There are three kinds of Bciasors which the microacop- 
iat will find useCtd — plain, straight scissors, elbow scissors, and 
curved scissors. They most be small, sharp aud well made. But 
the most useful, as well as the simplest instruments for disaecling 
are a pair of needles, or, rather, a needle and a very fine 
Bpatula. The needlea uaed are those ordinarily employed by 
BeamBtiesses'.they ahooldbe fixed in a light wooden handle and 
carefully polished. The latter ia a most important point, for 
it will be found that ordinary needlea are too rough for deli- 
cate work, as may be easily seen by examining them under the 
microscope. For microscopical porposes needlea are made 
both straight and curred — the latter being a very useful form. 
In order to bend a needle, it moat first be heated in the fiame 
of a candle, then bent by proper pliers, after which it must be 
irefally re-tempered. There is little danger of getting it too 
Vliard, provided it is not barned. Alter being hardened it must 
be carefully re-polished. The handles should be light and 
Bmooth. Ordinary penholders make good handles and coat but 
a trifle, biit in ease of need any piece of straight -grained, light 
wood will aaawer, Univeraal handles, handles with ferrules, 
handles wound with thread, etc,, look aaif they were not com- 
mon articles, and are purchased by many, but no working mi- 
croseopist would give them table-room. All the ao-calied uni- 
Teraal handles in market are too clumsy and Iieavy. 

In using needlea or knives for dissection, they are generally 
■(jBcd in pairs, that in the right hand being used for teasing or 
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For the removal of loose matter, and for arranging parts , 
which have been dissected out, there is nothing more nsefal , 
than good camel hair pencils. Indeed, thej are indispensable, 
and with needles and pencils — two of the simplest and cheapest i 
articles — it is possible to do almost everything. 

During the process of dissection the object must be supported 
upon aglassplatecir adis3«ctiDgpan,accordiugtoitssize. Some ' 
of thefinestpreparationahuvebeenworked upon ordinary slides ' 
three inches long by one vide, and as it is almost always neces- 
sary to have the obji;ct covered with liquid, a single drop sat- 
fices in this case. But where larger objects lire to be dissected, 
ordinary slides are not large enough, and besides there is no 
provision made for holding a sufiicieut quantity of liijnid. 
Tflrious kinds of dissecting dishes or pans have therefore been 
devised Those nsed by the author ore exceediogly simple 
and cheap and are shown in Fig. (iO. We use three kinds, 
tno with opaque bottoms, and one 
«i*^^^»h J in which the bottom is transparent 
The latter is used for objects which 
are ttouaparent, and is precisely like 
the others, escept that a portion, 
of the metal bottom is cut away and 
a piece of plate glass cemented over 
the aperture. Those used for opaque objects are simply 
oblong tin dishes, each two inches long, one and a quarter 
wide and half on inch deep. The bottom plate extends on eocb. 
Bide, BO as to form rests for the lingers, by which the p&n may I 
be kept steady. Into this pan is poured a mixture of equal 
parts of I'esin and beeswax, softened if necessary with a little 
lard. It should be just so soft that a pin may be easily stack 
into it, and this affords us the means of pimiing out the different 
parts of a dissection as we progress. In one dish the 
colored black with lampblack, and this forms a wonderfuUy 
fffcctive back groond for most ohjects; the wai in the other 
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!s wbite, cliolk or aulpliate of biirjtii being aiibatituted for 
lampblack. Tbe pan with a. trnuspureut bottom in of precisely 
the Bame size, ej^oepC that the depth is but hulf as much— tho 
extra deplh. in the other pan being filled with wax. A quarter 
of an inch is a Buffioient depth of liquid for most objects, and 
■when the sides of the pnu are higher than necessary they inter- 
fere with the use of knives and needles. 

Dissections may also be carried on iu watch-glasses, (hough they 
are not qnite as eonyenient as pans with perfectly Hat bottomfl. 
The kind known as Imielle glasses slionld be chosen, as they 
are flat in the centre. When a watch-glass is used for this pur- ■ 

■ pose, it is necessaiy to cenieut it into u hole out in a thin piece 
of wood aboiif four inchea long, and of a width which is rather 
greater than the diameter of the glass. 
Most of this work is, of course, done under a simple micro- 
scope. The Excelsior, wliea screwed to a larger buse, as de- 
scribed on page 42, answers very well. Larger and more ex- 
pensive dissecting microacopea are supplied by most opticiaus. 
^^^^ In addition to these geaeral methods, which are applicable 
^^^L to a great variety of subjects, there are a few special \ 
^^^^k which must be adopted in particular coses. In si 
^^^P as when the lino of investigation is a new one, the microscop- 
jet must work out his own processes, but tiie following special 
cases will probably prove interesting to beginners. 

It frequently happens that the objects for which the i 
soopist is searchiug are found mixed with coarser materials, 
and in this case it will be found possible to effect a soparatio 
by the process known as elutrialioa or wasliing. Mi: the mat- 
ter thoroughly with wuter in a tall jar and allow it to settle. 
In B short time — say one minute — the very coarse particles will 
have fallen to the bottom, and if the liquid be now poured off 
and allowed to settle, the finer portion will be found i 
second vessel. By graduating the time and carrying the pro- 

icess oat to its full extent, a wonderfully perfect separation may 
be effected. Diatomaceous earth may frequently be treated ii 
this way to advantage. 
In some cases separation must be effected by burning, or thi 
action of chemical agents. Guano and various organic matters 
yield interesting residues aitcr everything soluble hna been 
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witsLed away and everjlUing comtnatible has been bnmi ■ 
witk lire or nitric acid. 8j too tbe siliceous cutides of plants 
luaj be priwnred bj desttoying all the olLer parta bj chemiool 
meauB. Tbe best way is to heat them in nitrio acid, and add 
to the hot liquid a small quantity of poirdeisd chlorate of pot- 
ash. The quantities used most be very snmll, and great care 
iQust be exercised. 

It is frequently neceBsary to separaie a small quanti^ of 
deposit from a large amount of Uquid, lilteriDg being inadinie- 
sible. Fur this purpose use a oonicul glass or a large test tube, 
allow plenty of time for the deposit to settle, and give occa- 
sionally a alight stir, so as to detach the particles from the 
sides of the veeaeL Then pass a large dipping tube (one quar- 
ter of an inch io diameter) to the bottom, the upper end of the 
tube being closed with the finger. On nithdrawiug the finger 
the liquid and deposit rush in. Have ready a small ball of 
soft cement (resin and beeswax equal parts, softened with oil) 
and with it close the upper end of the tube, which may now be 
■withdrawn, carrying the liquid with it. Place the tube iu a 
vertical position, with its lower end on a slide or in a wutch- 
glass, and support it either I ly means of the ring ot a small 
retort stand or by a simple wire having a ring (Itorizoutal) at 
the upper end, and a small piece of board for a foot. Beola 
directs us to cork the tube, but this is difficult nnless the tube 
is made specially for the purpose with a mouth like that of a 
teat tube. Tubes made in this way are, however, the most con- 
venient, and a good velvet cork closes them perfectly. 

There ia a class of insect preparations, which are quite inter- 
eatiug, though tliey are not as lustriictive as interior prepara- 
tions m.ide by the proueas of diaseotiou. We refer to the whole 
insects fauad in most collectiuus. They are prepared by soak- 
ing the insect in liquor potassfe, which may be had from any 
druggiat; this renders the internal organs soluble and the outei 
horny skeleton transparent. The viscerii are then eipelled by 
pressure with a camel hair pencil, thein-tect well washed in pure 
water, soaked first in alcohol, and tlien in turpentine, s 
finally mounted in balsam. The points requiring attention 
these: Hoakingjost the right length of time in the potash, for if 
ibe insect reiuaius too long in this liqnid it 'uill be destroyed; 
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ollowiiig plenty of time for tlie alcohol to displace the water, 
d for the turpentme to displace the alcohol; and manipnla- 
tingtheinsect'withgreiitciu'e, BO as not to break auj of tUeparta. 
The ejea of insects are prepared by macemtrng them ia very weak 
,potash, and, while still soft, proBBing them between two slips of 
glass. If allowed to harden before being pressed they will 
split at the edges. The handsomest preparatioos of ejes are 
obtained by taking a thin slice from a large eye, such as that 
' a dragoa fly, and treating it as directed. 
The feet oE insects are in general easily prepared. Moderate 
soaking in potash, careful washing in water, thorough soaking 
in alcoholaud turpentine, and careful maiingement in properly 
displaying them ou the slide, ore the secrets of sueceas. The 
student who wishes to m:ike a careful study of these objects, 
however, should place them in glycerine, after soaking them in 
potash and thoroughly washing them. They should of course 
be deposited in a cell filled with liquid, and then covered with 
thin glass, and examined. The so-called tongues, etc., of in- 
its require no potash, being suMciently transparent without 
ijit, and after being soaked successively in alcohol and turpen- 
they may be mounted in balsam. When wanted for exam- 
ination merely, immerse them in dilute glycerine, and if the 
Btadent can sncceed in mounting them in cells, in glycerine or 
Bome of the gelatinous media hereafter described, they will show 
their stractare to far better advantage than in balsam. 

In determining the cUaritcter of what is brought into view by 
tbe processes detailed, great aid will be derived from the use 
of chemical tests. Thus, in the case of the potato, previously 
described, most persons who had read anytliing at all upon such 
ibJBots, would recognize the starch granules. AH starcii graaulos, 
r, are not of the same form as those found in the potato; 
some would hardly be recognized at all, except by those 
considerable experience. But if a iittle of the tincture 
iodine be brought into contact with them, they at once be- 
deeply blue. This subject is too extensive to be dia- 
here, but those who desire to become proficient in the 
o[ the microscope cannot safely neglect it. 
n most cases after an object has been carefully brought into 
per meahanioal ooodition, in one oE the wa^a ^a \u.<(« ^- 
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BC-ilnil, it is nBceasirj- to imoierBe it in some suitable medium, 
bo Bs to render it clsar and transpiireut The action of such ' 
media, may be very well illustrated bj the following experiment; 
fiike a short piece of bluck human hair, place it on a slide, 
bring it into iocna and examine it. It will appear as a durk 
cord with a light line runniug down the centre, and from this 
circumstance baa arisen the crroueoua popular idea in regard to 
the tubulur structure of hair. ' Apply a drop of glycerine di- 
luted with an eqaal bulk of water, and again examine it. The 
appearance will haye entirely changed, having become clearer 
and more definite, so that the strncture of the hair is mora 

Ieosilj made otik This effect depends upon the refracting power ^^m 
of the liquid used. The following liquids are uanallj employed '^^H 
for this purpose, their efflcieucy being in direct ratio to tbeiz ^^H 
index of refraotion, which we append to each. Water, 1.336; ^^H 
glacial acetic acid, 1.S8; alcohol, 1.372; ^treons humour, 1,310; ^^H 
aea-water, 1:343 ; equal parta of glycerine and water, 1.40; pure ^^H 
glycerine, 1.475; oil of turpentine, 1.4TS; Canada balsam, ^^M 
1.632— 1.S4S; bisulphide of cerbon, 1.678; oil of aunia, 1.811. ^H 
Alcohol and water, and solutions of various salts in water are ^^H 
also very useful. 'When a pure article of glycerine is not avail- ^^H 
able, a solatiou of white sugar may be used with good results. ^^| 

»Oreat cure must be exercised lest the fluid that la added 
should cLangB the form oretructure of the object. T7pon this 
- HubjeflttheremarkaofFreyareveryjudiciouH. Hesaja; "Theory 
requires that each constituent of the body should be examined ^^_ 
in a fluid medium which resemblea in respect to quality and ^^H 
quantity, the fluid which saturates theliving tissue. Naturally ^^H 
this requirement cannot be completely fulfilled in practice; oul ^^^| 
aim should be to approach it as nearly as possible. Saliva, ^^H 
vitreous liumour, amniotic liquor, serum and dilated albumen ^^^| 
are generally recommended as suitable media for the inveatiga- ^^^| 
tion of delicate changeable tisanes, and, in certain cases, they ^^H 
accomplish their object in a satisfactory manner. But do not 
espect them to suffice for every case. Not untrequently one 
and the same tissue of diflerent species of animals reacts diflTer- 
ently with the same fluid medium, as maybe seen with the ^^m 
blood corpuscles. M. Bchuitze has communicated to us an im- ^^^| 
portant and readily proved observation of Landolt's, that ani- ^^^ 
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nialfliiidH may be pteserved from deoompositioii for a long time 
bv the addition of a small piece of camiihor." 

Schiiltze reoommends &a a neutral fluid, Biiitable for most 
tissnes, aliqniJ which he calls "lod-senim." ItconBietH of the 
amniofio fluid of the cnlf, to which lies been added a concen- 
trated tincture of iodine or a, strong solation of iodine in the 
proportion ot six drops to the ounco, Tlie color of the solntion 
B yellow, but after a few hoiira it becomes paler; 
is paleness afterwards increases, and the anbaeqiieut addition 
a. few drops of the iodine sohitiou becomes necessary. Aa 
□iotio flnid is not alwuys attainable, a good au\iBlitute 
may be prepared by mixing 1 ounce white of egg, 9 ouncea 
water, and 40 grains chloride of sodium, with the proper pro- 
portion of tincture of iodine. 

During the entire process of preparation, the greateai att-en- 

tion must be paid to cleanliness. Particles of dust, which to the 

unasMBted yision are iuTiaible, become offensively prominent 

imder the microscope. To esclude these, and to protect the 

objects, it is important that the latler should be kept carefully 

covered when not actually undergoing some operation. Small 

bell glasses are recommended for this purpose by Dr. Carpenter, 

and they answer admirably. We prefer, however, as being 

cheaper and leas bulky, watch glasses to which a handle has 

been cemented as shown in Fig. 61. The 

^^^^V^^. haadle may be a little knob, turned out of 

*^ '*v^^^ J a piece of wood, or where this is not conve 

^^■■^^^ ent a small cork will answer. A little sealing 

rig. 61 wai serves for a cement, the watch glass 1 

ing heated before the wax is applied. Flat 
plates of glass answet well to cover the dissecting pans previ- 
ously described. 

When a number of olijects are to be protected for some time, 
we place them on a piece of piate glass eight inches sqmire, 
cover each with a watch-glass cover, and protect tlie whole by 
raenna of a bell Jar with ground edges. The latter iits closely 
to the plate glass and excludes eircrytliing, while the small cov 
protect the individnal specimens when the large cover is raised 
for the purpose of gettiogat them. 
Singular mistakes have arisen from the fact that foreign 




bodies wliicli liave accidentally tonnd their way into a piepara- 
tion have been miataken for part of the epecimen. The only 
■way to BToid Bimilar errors is to eielude all snoh intruders by 
means of proper covers, and to become familiar nitli them so 
that they may be instantly recognized when present. Dr. Beole 
gives the following list as those that are most apt to find their 
way into the preparations of the microscopist: Oil globules; 
milk; starch from the potato, wheat andrico; bread crumbs; 
feathers; worsted; fibres of flax, cotton and silk of different 
colors; human hair, cat's hair audhairfrom blankets; the scales 
of butterflies uud moths, particnlarly those from the c 
clothes moth; fibres of wood, fragments of tea leaves, hnirs 
from plants, vegetable cellular tissue and spiral vessels; particles 
of sand. The carious circumstances under which such bodies 
will find tiieir way into a specimen was recently illnstrated ia 
author's experience. In a liquid submitted for examinatioD, 
and said to be pure, he found foreign matter. It proved to be 
brick dust, used to clean the tin funuel with which the vessel 
was filled, and which had been washed in by the passage of 
the fluid. The student can have no better exercise than to 
esamiue these intruders and familiarize himself with their ap- 
pearance 



PreBerratiTe P roc e see b.— The object of eH preserva- 
tive processes is to prevent any change either in the structure 



prepared and beautifully mounted, but if it bo not bo treated 
ea to preserve it from change, thelabor thus expended is wasted, 
as regards the preservation of a permanent record. And yet 
how many objects there are that we would like to keep for 
future examination and comparison, or to show to fiienda. 
This department of the treatment of objects is, (htrefure, of 
great importance, and success in it can only be obtained 
through a thorough understanding of the principles involved. 
There are four methods in common use for the preservation 
of perishable nnimal and vegetable substances: 1, Constant ex- 
posure to temperature considerably below the freezing point of 
water; 2, the perfect exclusion of air; 8, reduction to a state of 
complete dryness; and 4, the employment of certain anti-septic 





compound. TLe tlilrd and fourth are the methods usnally em.' 
ployed in microBcopy, but the same principlea which render the 
Becoml metliod so BoecesaCal in the preservation oF canned fruits 
anil moats, deserre the attention of the microscopiat. 

Drying, as a preaervBtiTe process, can be apphed to bat few 
GpecimenB, chiefly transparent insect preparatioDa, and opaque 
objeats. Blood and similar matters are also sometimes pre- 
serred bydrying. Such preparations are so easily dried that 
no special directions are needed. Warming them over a lamp, 
or preferably on u water-bath, before applying the thin glass 
oover (as directi'd iii the section oa mounting objects) is al- 
most always aufficieut. Where the specimen is liable to be in- 
jured by heat it may lie dried by placingit over anlphurio acid, 
and coTeringboth acid and preparation with a bell jar having 
ground edges and resting on a perfectly flat plate of glass. The 
acid soon absorbs all tiie moisture and renders the object perfectly 
dry. Where a cell is used for an opaque object, and dryness is 
essential, great care must be taken to make the cell impBrrians 
to air, otherwise dampness will be sure to penetrate, and if the 
oliject be of animal or vegetable origin, fungi will be -very apt to 
grow on it. We hare fo^md eelia oE e;irdboard peculiarly 
liable to this defect, and such eella should always be thoroughly 
Bitturated, and coated with varnish, such as gold size or Canada 
balsam. 

The great dependence of the microacopist, however, is in the 
employment of eeriain preservative media, of the moat impor- 
tant of which, the following is a hst: 

IOakada BiiSAM. — Of all the media employed for the mount- 
ing and preservation of objects, Canada balaam is undoubtedly 
themostgenera)lyuseful,anditia probable that more objects are 
monntedin this material than iu all the olher media put together. 
Ab a, preaervaiive it is perfett, and its action in renderiug many 
objects transparent and clear is often of great value. Frey tells 
US that " several sorts of Canada balsam ocuur in ootnmeroe. 
To be good it ahonld be of thick consistence, nearly colorlesa, 
and thoronghly transparent." One difficulty, however, is that 
much of the Canada balsam tliat is sold is fuetitiouB, being 
^^ 
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balsam soon beoomos cloudy, and is verj apt to crack. Balsam 
that is too highly colored may be bleached by exposure to bi 
light — a process applied by most opticians to the balsam used 
by them for oementiiig tlic lenses of achromatic combina.tioDa. 
Balsam when new is quite flniil, too much so, indeed, for the 
mounting of most objects. On the other hand, old balsam ia 
thick, ftud is apt to crack. Microscopisls generally keep balsam 
in wide-mouthed bottles, and take out what is wanted by mtjiiDS 
of a glasa rod. As the process of evaporation, which makes 
balsam thick and Tiscid, goes on more slowly in narrow-mouthed 
bottles, we prefer the latter, antl transfer the balsam to the.glasa 
slide by means of a. fine wire with a small loop at the end. The 
wire ia passed through a cork, or preferably a wooden stopper, 
and descends to snch a depth as to be just below the surface of 
the balsam. As the latter is used up, the wire is pushed down, 
andif cemented in itsplace by the balsam, alittle heat soon frees 
it. The latter remark applies also to the wooden stopper, which. 
ia very apt to stick in the neck of the bottle. A very slight e; 
posure to the flame of a spirit lamp ia sufficient to loosen it. 

SoLTTTioN OF BiLSAM.— When the objects that are to be pre- 
served in balsBra would be injured by the heat neoeasaty t( 
melt it, it is advisable to nse a solutioa of balsam in ether oi 
chloroform. The buleom used for making the eolation should be 
old Bad thick. This solution is frequently sold with the label, 
"Balsam for use without heat" 



OoiiOFHONZ. — Thiersch recommends a solution of resin 
colophony in absolute alcolioL The advantage which this a 
teriat presentfl ia that the preparation may be placed in it di- 
rectly from the absolute alcohol, without becoming cloudy, 
and without prejudice to the durability of the specimen, 
advises the mieroecopist to prepare the colophony himself from 
Venice turpentine, which is done by dissolving it in an equal 
volume of ether, filtering it through paper, and evaporating, 
until, when cold, it breaks with a conohoidol fracture. The 
material that remains is then to be dissolved in absolute aloo- 
liol until it is of a syrupy eonsistenoe. 



301 

Dauab Medium. — Ornm da mar has been recently introdnced 

amongat the materials used by micToscapiHtB, and with aome it 

has fotmd great favor. Carpenter speaks highly of it. Dia- 

tnniH are said to show better in it than in baiBam, and for 

delicate physiological preparationa, eappcially trnaaparent in- 

I jections, it ia very escellent. It ia thaa prepared: Half an 

e of gum damar is dissolved in one oaneeoi oil of turpen- 

I ' tine, and half an ounce of gum. mastic in two ounces of chloro- 

I form. The solutions are filtered and mixed. 

Ordinary damar varniah, such na ia used by painters, is aome- 
l times sold for microscopical purposes, but it does not give 
[ satisfactory resulta. 

Preparations which have bccu preaerved and mounted in 

I llalsam or damar are -very durable, while those that sre 

mounted in fluids are a source of continual nnuoyance and loss. 

Many microscopists, therefore, exclude from tliuir eabineta 

all preparaticiis mounted in hquid on the ground that sooner 

ir lat«r they will become worthless. And many of our beat 

I dealers refuse to have anything to do with them. Noverthe- 

n Frey well says, " tiie natural condition of the tiasuos ia 

9 completely represented only wUeu mounted in a moist condi- 

f lion. This method permits of the moat accurate recognition of 

[delicate textural relations, pale cells and fibres, etc., and should 

^ not be omitted with any tissue in the production of histologi- 

|oal collections." 

GiicBBrnE.— At the head of the list of preservative media 
for moist preparations stands glycerine. "Its strong refrac- 
tive power, its property of combining with water, and of at- 
tracting the same from the atmosphere, render it an invalua- 
ble medium for mounting aaimal tissues containing water. 
It may be truly said, that what Canada balaam is to dry tisanes, 
glycerine ia to moist ones." — (Prey.) Much of the glycerine in 
market ia very impure, and although the impurities do not 
show themselves very strongly at first, they soon become mani- 
fest by the darkening of the liquid, (owing probably to the 
presence of lead), and the formation of a cloudy precipitate. 
Dr. Beale strongly recommends Price's glycerine, and we have 
JoTind it very excellent. 



^^^Dr. Bea] 

^^^^ Joiindit 





■When employed as a preservative, glycerine 
pure or dilnted, according to eircumatanceB. Equal parts of 
glycerine ai>d water form a very escelleut medium for most 
objects. It is alleged, hoivever, thnt fungi, are very apt to groir 
in glycerine aiid its solutionfl. We are iuelined to believe 
that tills may be avoided by adopting the precaution detailed 
at the end of tliiB seclion. We liave now before us specimens 
that were monnled in pure glycerine aod water, eighteen years 
ago, and they are stitl quite peifcct. If. however, there should 
beany danger iu thia direction, the ndditiou oCnliltle eamphor 
will prevent the evil. Glycerine exerts a powerfully solvent 
action on many salts, particularly bbIIb of lime, Ench as i'. 
bonate, and hence it ia employed for preventing scale 
boilers of steam- engines. This property renders it dangerous. 
to use it for the preservation of structures containing oom- 
pounds of lime. 

GLVCEBrNT! Jelly. — Tlie original directions given by Law- 
rance are as fdlluws: " Take any quantity of Nelson's geliitine, 
(any good geliitine will answer, however,) and let it auak for. 
two or three hours in cold water; pour off the superfli 
water, and heat the soaked gelatine until melted. To each 
fluid ounce of the gelatine add one dmchm of alcohol, and mix 
well; then add a fluid drachm of the white, of an egg. Wix 
well while the gelatine is fluid bnt cool. Now boil until the 
albumen coagulates, and the gelatine is quite clear. Filter 
through fine flunnei, and to each fluid oi;nci) of the clarified 
gelatine add six fluid drachms of Price's pure glycerine, and 
mix well. For the six fluid draclunB of glycerine a mixture of 
two parts of glycerine to four of camphor water may be sub- 
stitnted. " 

Glycerine jelly ia a very excellent medium, and ia easily used. 
At ordinary temperatures it is quite solid, hut when slightly 
heated it melts, and may be used like l>alsam, directions for 
mounting in which will be found in the next section. Objects 
that are to be mounted in glycerine jelly should be soaked 
nntil thoroughly saturated with a mixture of 7 parts glycerine, 
parts water, and 1 part olcohol. It ia also well, utter immers- 
ing them in the melted jeliy, to place tlie slide for a short time 
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■•osa -water bath heated to about 125' Fah. The jelly then pen- 
Tetratea every part of tlie preparatioii. 

When iutcDded for use in very ■warm climntea tbe proportion 
\pt the gektine to tlie other ingredieuta should be iiioreaaed. 

BJiNTZscH's FuTiD. — Very beantiful preparations of delicate 
Tegetable forms have been prepared witli this liquiil, pven the 
eolormg matter being left naaltered. It consiats of 3 parte of 
pure alcohol, 2 parte of distilled vater and one part of glycer- 
ine. The object, placed in a cell, ia covered with a drop of 
this liquid, and then set aside under a bell-glans. Tlie alcohol 
and water soon evaporate, so that the glycerine alone is left, 
and another drop of the Hquid ia then to be added, and a 

I BBBond evaporation pprmitted; the process being repeated if 
laecesaary, nntil enough glycerine ia left to fill the cell, 

f which ie then to be covered and closed in the usual maDner. 

' We have used this liquid with gratifying success. It is easily 
prepared, ia not diffloult to use, and it gives very eioellent re- 
sults. 

Glycbbdje ASD GnM. — Of this medium Carpenter says: "For 
many objects that wonld be injured by the small amount of heat 
required to melt Deane's gelatine or glycerine jelly, the gly- 
cerine and gum medium of Mr. Farrauts will be found very 
nsefuL This ia made by dissolving 1 parts by weight of picked 
gam arabiciu i parts of cold distilled water, and adding 2parts 
of glycerine. The solution must be made wilhont the aid of 
heat, the mixture being occasionally stirred, but not shaken, 
whilst it is proceeding: after it has been completed, the liquid 
should be strained (it not perfectly free from impurity) through 
fine cambric previously well washed out by a current of clear 
oold water; and it should be kept in a bottle closed with a glass 
stopper or cap (not with cork), containing a small piece of 
camphor. The great advantage of this medium ia that it can 
be used cold, and yet soon viscifiea without cracking; it is well 

I Baited to preserve delicate aninial as well as vegetable tiasuea, 
an<l in most cases it increases their tranaporency. 



Dease'b Gelatzne. — Before the introduction of glycerine 
illy, Deane'a gektine was a favorite medium, and we still use 
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it ivilh Hucoesa. Tuke gelatine, 1 onnce; honey, 
water, 5 oimces; rectified spirit, i ounce; creosote, 6 drops. 
Souk tbe gelatine in n'alcr natil soft, and tlien add it to tLe 
iioaey, whicli haa bsen previaualy r^iiaed to a boiling heat in 
another vessel. Then boil the mixture, and when it has cooled , 
somewhat add the creosote mixed with the spirit. Lastly, I 
ter through fine Annuel. "When required for use, tbe bottls] 
contaiuiiig the mixture must be slightlj wurmed, and a 
placed on the preparation apou the gkss slide, which sLoul 
also be warmed a little. Next, the glass cover, after havinffl 
been breathed upon, is to be laid ou with the usual prec 
tioQB. The edges maybe covered with a coating of Bru 
wick block. Core must be taken that the surface of thft ^ 
drop does not become dry before the opplication of thft | 
glass cover; and the inclnsiou of air-bubbles must be carefully ' 
avoided. 

Alcohoi,. — Mixed with water iu various proportions, alcohol 
forma one of our best preservative liquids, fur l.'uth animal and 
vegetable substances. The chief olgectioa to it is the diffioultj:, 
with which it is retained in the cell. 

Thwaite's Fluib.— Take water, 16 ounces; alcohol, 1 oi 
creosote, sufficient to suturute the spirit; chalk, as much 
beueuessary. Mix the creo^o'.e and spirit, stir in the chalk 
with the aid of a pestle and'mortar, and let the water bo added 
gradually. Next add an equal quantity of water saturated with 
camphor. Allow the mixtui-e to stand for a few dnys iind filtet, 
Used for preserviag desmidiie, and alsi} animid substances, 

Beaus's LiQtjm. — Creosote, 3 drachms; wood naphtha, 
ounces; distilled water, Hi ounces; chalk, as much as ueoessBif. 
Mix the naphtha aud creosote, then add as much prej 
chalk as may be sufficient to form a thick, smooth paslie; 
wards add, very gradually, a small quantity of the water, 
must be well mixed with the otjer ingredients in a mortar. 
Add two or three small lumps of camphor, and allow tbe mii- 
tnre to stand in a lightly covered vessel for a fortnight or three 
weeks with occasional stirring. Ttie almost clear supernatant 
fluid may then be poured off and filtered if necessary. It should 
be kept in. weU-eorked or stoppered bottles. 
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s FiiTJiDS. — OoaJbj UHeil two distinct fluids, Jt'si(j- 
ii^ted by letters A and B, the diflereace being that alum vaa a 
ivustitneut oF one and not of the other. Of both fluids tUero 
were several degrees of strength, wiiieh were designated by 
inimbere, A fl.ai:1, as uaadij employed {A2), consisted of rock 
&alt, ionncea; alum, 2 ounces; corrosive BubUmate, 4 grains; 
boiling water, '1 a .ts. Tu make the B fluid take rock salt, 8 
onnces; corrosi^. aiibliiaate, 2 graius; boiling water, 1 quart. 

PjoiBi's Flijid.— Take corrosive Bublimate, 1 part; pure 
(•liloride o( sodinm {common salt), 2 parfs; glycerin*', 13 parts; 
distilled water, 113 parts. This mistura is allowed to stiiud for 
iit least two months. After that time it is prepared for use by 
mixing one part «f if with tliree i>ar(a of distilled water, and 
filtering it tbroagh fllteriug paper. Thia fluid is very strongly 
recommended by Frey. It is used for blood globules, nerves 
und ganglia, the retina, cancer cells, and especially delicate pro- 
teiuoua tissues. 

^^h Oastob On..— This ia uaed for preserving certain crystals. 
^Hhe beat cold-drawn castor oil answers the purpose. 

^B^There are a few general rules which we have found essential 
^^B the Bucceasful use of these mt-dia, but which are often 
neglected, the result being tbe ultimate destruction of the 
specimens. Ooe of the mo^t important pointa is the iise of on 
abundance of tho medium (we are now talking ot pi-eservmg, 
not mounting) ond the gradunl saturation of the object with it. 
A piece of fresh raiisde, simply mounted in a shallow cell with 
a drop or two of Ooailbj's fluid, will spoil in a very short time. 
The same object, properly treated, may be preserved indeflu- 
itely. The proper course ia to coiapletely immer.'ie the object 
in a considerable quuuUty of the liquid, and if necessary 
change tbe liquid several times until the subst-auce to be pre- 
served has been thoroughly Bubitcted to the action of the 
medium. For this purx>ose the quontilj contained in ordinaiy 
cells is altogether too little; small cups, basins, large watch- 
glasses, etc., are needed. It must be remembered that the sub- 
stance acted upon generally abaorba certain constituents of the 
preserving fluid, and hence the latter is left either very weak 
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or there is &□ naeqaol distiibutiou of the oonatitneitts as re- 
garilfl the substance itsolf and the surround ing Said. Moreo'vet 
the Uuids oouttiiDfd in many objects are displaced by the pre- 
Berving medium, and tend to dilute the ktter. In most cases, 
therefore, -where the preserving medium is a liquid, the desired 
result is best attained bj soiiking the substance iu the fluid tat 
several days before mouutiug, changing the liquid two or three 
times, and fiuallj mounting iu fresh fluid of rpgulur strength. 
We would lay great stress upon this point, having seen many 
liue preparations spoiled by pursuiug a different eotirse. The 
late Dr. Goadby, whose skill in this dupartment was well 
knonu, always insisted upon this courae, and during a some- 
what extended intercourse with Lim, aed ol^sen'iitiou of hii' 
methods and processes, we became fully convinced of its im-' 
portiinca 

With many preservative liquids, it is well to begin with r 
diluted article, and gradually increase the efrenglh at each 
change of fluid until the proper strength hns been reached. 
This course is specially recommended with glycerine and saliua 
solutions. 

Another point which demands attention is the entire axclu- 
sion of air, especially of osygen. Now air adheres wiih great 
tenacity to must surfaces, such as those of glass or metul, and it 
dissolves to a considerable estent iu all watery solutions. To 
get rid of it, the surface of the cell and cover should be either 
well warmed, and then allowed to coul just before being flUed, 
or washed with alcohol (utter which it may Iw dried). To e«i 
pel the air from the liquids, they should be boiled, and to pre- 
vent the absorbtion ot a flesh dose of air, they should be kept 
well stoppered. But as air uii/^tind access to the liquids so as 
ultimately to saturate them, it is necessary to boil the fluids at 
frequent intervals, so as to get rid of tliis element Without 
strict attention to these points it is almost impossible to pre- 
serve animal substances for any length of time in saline fluids. 

Mounting Ob|pcts.— For the purpose of conveniently 
exhibiting and comparing objects, and arranging them in cab- 
inets where they can be at all times accessible, i 
tiwunt them securely iu such a manner that they maj he easily 
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For purposes of mere examioatiou and stnd^, 
moanting is imueceasiirj, but wlien tlie objects are to be kept 
for future reference it is iui1ispous:ibIe. It ia true that where 
the Bpecimens are large they might be kept in buttles in a pre- 
aervfttivo fluid, and taken out wiien wanted. This would be 
Tery inconvenient, however, and with Teiy minute or delicate 
objects it would be almost impracticable. 

There are three modes in which objects are mounted: 1. Dry, 
the object biiiug simply attached to the'sllJe and suitably pro- 
tected. 2. lu balsam, the object being immersed iu Canada 
babam, damor medium, copal varui.-.]!, or some similar mate- 
"1. Iu fluid, the object being mouuted in some of the pre- 
VB liquids previously described. Specimens may be 
flnounted in any of these ways, so as to ba viewed either as 
transparent or opaque objects, and the iusfrumeuts and mute- 
rials required are neither numerous nor eipenaivn. With those 
najned in the following list almost any ordintiry object may bo 
neatly put up, though it is of course to be rsiii'Cted that occa- 
sions will frequently arise when specinl iustrumeuts and 
methods, which are not described by any author, will bo 
needed. Experience alone con enable the microscopist to treat 
sncli oases successfully. 

Slidbs. — Most objects are mounted between two pieces of 
glass, one of which is called the slide and the other the cover. 
As it is couTenient to have these slides all the same size, so thut 
they may be easily arranged in cabinets, tho Microscopical 
Sooiety of London bas adopted a slide threeincheslougby ono 
inch wide as the standard size for use amongst their membem, 
and tliis size has been generally adopted by microscopista 
throughout the world. All the best slides that are fouud iu 
market are of this size, and the microscopist who fails to adopt 
it will 1>e subject to great inconvenience when he dcsii'es to ei- 
cbsnge objects with others who ore pursuing similar studies. 
Several other sizes are employed by the French, most of them 
being quite small (2 j by | and 2) by \ ), but as these small slides 
are the only ones that can be used with some French micro- 
Hcopea — the stages of which are too small to takeaslide 3 by 1 — 
they are usually kept in stock by dealers in microscopic appar- 
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iilus. , Small slidea liuvc tbis advantage, that iliiy cost less, and 
take np less room ia a cabinet. Large slides look best, niid af- 
ford more room for dosctiptive labels, which is au imporlaiit 
point Bnt aince slides 3 by 1 have been adopted by common 
consent, the microscopist who mounts specimens, or who buys 
objects mounted on slides of a different size, commits b. mis- 
take for which the adT&ntugeEi offered by the small slides are 
but a dight comiieusation. The only exceptions to this rale 
are where the object* are too large to be mounted securely on a 
slide of standard size, or where a largo number are to be pre- 
pared for the purpose of illustrating some special series of in- 
veHtigations. It is to be presumed that such a series will never 
be broken np and separated, and as it will in all probabilitj be 
assigned to its own cabinet, it ia sometimes of advantage to 
have it upon slides of a size other than that in common use. 
Aa the objects composing such a series will probably be num- 
bered and catalogued, there is no necesnitf for estended de- 
Ecriptions on the labels, and therefore slides of half the usual 
size (IJ by 1) will serve very well. The cabinet may thus be 
reduced in bulk by one-half. We have a special cabinet, illuB- 
trative of textile fibres, mounted upon slides of small size, and 
find it quite convenient. 

The glass from which slides ore cut should be free from air^, 
bubbles, scratches and that wuvy appearance which is daa^ 
either to inequalities iu the surface or to irregularities 
composition of the glass itself. Ordinary window glass is en« 
tirely unfit for the purpose. The most suitable kind is plats 
glass, the surface of which has been ground and polished, bo as 
to be perfectly even and smooth. Glass of tljis kind is nsed for 
looking-glasses and by photographers, and when other material 
eonld not be hud, we Lave made very excfUent elides out of 
broken looking-glasses and photographer's plates, though it is 
difficult to get the latter thin enough. Slides of good glass 
are, however, manufuclnred ia quuntitj and sold at a reason- 
able price, so that under ordinary circumstances it will hardly 
pay the microscopist U> cut out his own slidea. Moreover the 
slides sold by the dealers have the edges neatly ground, an 
operation which the microscopist will find, tedious and trouble- 
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Ab procttrtid from llie uauulitctiuer^, (.lio fJides ore always 
diriy, never having been washed after the process of grindiug 
and polisliicg tlie edges. If tLis dirt were soft it ivoiild not 
matter so mucli, tut it is in general bard and griltj — bi:ing in 
[ fact the grinding sand — and theconseqaenceistUattlie aurfacos 
I of the slides are very apt to be scratched and iDJared. There 
I is Ijnt one firm that exports slides to this conntij, nnd fhej are 
r Terj careless iu this respect. Ont of a gross of slides it is oftea 
difSiiult to fitid two dozen that are nut bo scratched as to be 
■worthless tor the finest class of work. Having procured the 
slides, however, the first thing to do is to c'-'an and assort 
thent They shonld be cleaned by being rinsed in water con- 
taining a little washing soda; the dirt being removed If neces- 
sary by the use of an old nail brush or tooth brush. tJatil 
this has been done they shonld not be wiped with cloth or 
" leather, for by so doing the particles of sand are dragged along 
I the BUifaoe, making a deep mark. They should then be washed 
I in pure water, carefully wiped with a soft cloth, and assorted 
' foi thioknesH and quality. It is in general best to sort them 
into three classes — thick, medium and thin — the latter being 
used fortest and other very delicate objects. Elaborate instrn- 
mentB have been devised for meaanring the thickness of the 
Blides, so as to assort thont accurately, but they are entirely nn- 
necessaiy; the eye is a sufficiently accurate guide. To deter- 
mine their quahty, they must be examined under the micro- 
eoope, and as itis only the central portion that ia of any oon- 
BcqnencQ in this case, we place them on a brass plate, 3 by 1, 
with the edges slightly turned up, and having a hole fivo- 
eigbtha of an incbiu diameter in the centre. That part which 
; lies over the hoJe is the only part which it is necessary to ex- 
r amine. Slides which contain air-bubbles, slriso or scratches, 
I are at once laid aside to be used either for opaque objects or 
[ those of a very coarse kitid. Those that are perfect are care- 
fully stored away where tliey will not be sul>JHct to injury. 

CoTEES, — After being properly arranged on the slide with a 
suitable preservative medium, the objects must be covered with 
A small piece of thin gluss. Qliiss intendtd specially tor this 
purpose is made in England, and imported either in sheets or 
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OTtt into squares Biiil eiriKs of Builiiblo sizes. Directions for 
catting tLese covera would lie out of place here. The beginoec 
will always flmlit moat economical to buy tliem ready cut. Of 
the two kinds — round and square — the former nre, for all ordi- 
nary purposes, the most convenieut, as covers of this shape ate 
beat suited to ceUs made with the turn-table, and they may also 
be finished more easily and neatly thnn the square ones. 

CoTers should be carefully assorted for thickness, since the 
thickness of the cover exerta a materiul influence on the per- 
formance of all lenses except those of the lowest power cor 
quality. Where objcctivea which do not adjust fur thickness of 
cover are employed, the microscopist should And out the esact 
thickness to which they have been corrected by the maker, and 
use glass of this thickneas in covering all objects that are to ba 
extmined by means of these lenses. 

The inesperienccd student will be apt to find some difficnlty 
in cleaning these covers. They are so fragile that it is difficult 
to rub them, so as to remove dirt, without breakiug them. 
The best method is to soak tliem in a weuk solution of potash, 
rinse them off carefully several times with clean water, and after i 
pouring the last water off, give them a final rinsing by taking 
them up in a pair of forceps and moving them about in a torn.- ' 
blet of clean water. They ahould then be laid (singly, ol 
course) on a wiping block and wiped. Wiping blocks are made 
by covering a flat block of wood with chamois leather or linen, 
drawn tightly so as to present a flat but somewhat soft surface. 
These blocks are generally made round and with handles, but va 
prefer them obloog {i. by 11 inches) and inilhout handlea. One 
of them is laid on the table face np ; upon this face the thin 
glass is laid and wiped with the other block. In this way the 
thinnest glass can be cleaned without risk of fracture. 

Cells— TuRN-TAnLB. — All objects that nre mounted dry or in 
fluid should be phiced in cells, as unless this is done it is dif- 
ficult to arrange the object properly or to secure the thin oover 
permanently. In the majority of cases these cells consist of 
little more than a ring of cement laid on the glass 
allowed to burden, and their di pth does not exceed 
nesB of a aheet of puper. Such cells are in conatan 
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and Bte almost always maila by the microscopiBi; IiimBelf by 
means of a little instrument known aa ft tum-tahle or wkirling 
UMe, of wbieU tbere are several diffureut forma ia moiket, A 
clieap and efficient form is shown in Fig. 62. Tbe table is Bnp- 
ported by a spindle npon 'wliich it tnms, motioa being com- 
munioatcd by means of a milled ring. The slide ia held in its 
place by two spring clips, and it is broaght to the centre by 
means of a guide or bar, c, with a square projection. This is 
oirefnlly arranged, so that a slide 3 by 1 shall be oocarately 
uentered. Hence it follows that the rings and cells on all the 
Blidea pnt np by the owner may bo instantly and accurately 
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Fig. 05. -■ 



centered by simply pUtciiig tbem ou Ihu tablu and biiuging 
them up to a fl.rm beating against the guide. This bar oi 
guide may, however, be instantly removed nheu desired, and 
when this is done, ani/ cell may be truly centered by tbo usual 
methods. Thia tiiru- table, therefore, enables ua always to bring 
cells of onr own make instantly to a perfectly accurate centre, 
while other cells can be centered at auy time with, very little 
trouble. 

To most turn-tables there lies the objection that tbe devices 
for centering and holding the slide make one side beavier than 
the other, and consequently, as every mechanic knows, irregn- 
lar and eccentric moticn ia the result. On m:iny otherwise 
well-made instruments it is, from thiscausfi, impossible to make 
% true cell, particularly if we attempt to nark at B high speed. 
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In the tum-tftblo juat described, proviBion is maiie to obviate 
this difBculty. A hcarj -beaded acrew, o( the precise weight 
neceftsurj, ia Bcrpwed into the under eiirtace of the table, and 
gives a perfeeb balance to the wheel. It then runs amootSilj 
and truly. 

attempts Lave been made to prodnce a Belt-center- 
ing table, i. e,, one in which the 
Blidea would be truly centered 
without requiring cure and skill 
on the part of the operator. One 
of the earliest forms was that of 
Dr. Matthews, the centering part 
of which is shown in Fig. ti3. 
Upon the anrlace of the tablehe 
arranges two trianguiar platea 
of brass, which rotate upon pins 
placed at eqnal distances on eacli 
Bido of the centre, and as the 
plates are of the same size, when- 
ever their inner faces are par- 
aUel, these faces must be eqni- 
distont from the centre. Hence, when a slide with parallel 
sides is placed between them, and the plates turned so aa to 
press upon the sides of the slide, the slide will be truly cen- 
t'.red BO far as its width is concerned. It is centered for length 
by a stationary pin, against which the end is always brought. 
Slides of irregular size are therefore centered only one way. 

There are at present, however, before the public, two tables 
which centre BliJes accurately in both directions. One was in- 
vented by C. Mason Eiune, of 8aa Prancisco, who describes it 
aa follows: "As will be seen from the engravings, Figa. 64 and 
65, which ore reduced one-half, Hie slide will be grasped autom- 
atically, upon removing the finger from the lever, the spiral 
spring causing the clutches to instantly claap the slide, and 
retain it in a central position. One corner of either end of the 
slide projects suiEciently fur the purpose of taking hold 
one hand, while the olher is pressing the lever, and can ba 
lixed or removed without pushing along a circular disc to its 
edge. The slots are made to allow movement enough. 
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oaal length, and tlie 
table ia made of brass 
aboat a qaazter of an 
iuoh thick, which gives 
weight sufficient to se- 
cure stability of move- 
lueut. The whole rests 
oti n Email spindle 4 or 
5 inches long, screwed 
into the centre of the 
brass etud, which ia the 
fiilcmm of the lever, 
and can be removed at 
■pleasure to pack away. 
The pointed lower end 
of thespiudle ia stepped 
into a counter- sunt 
metal rest, and with a collar placed at a suitable distaBoe above 
to allow of free moTement of the haud, I find that a steady 
motion can be obtained with the thumb and finger, of any re- 
quired velocity, and is- under greater control than with any 
milled-head device." 

Mr, Kinne suggests a veiy simple method of constracting a 
home-made table on this plan: " The spindle can be fitted into 
any appliance, primitive or expensive, at the option of the 
worker, and I find that an old cigar box, with a portion of one 
end removed, is just as useful as anytijing else, though if made 
for sale, a cheap varnished box could be furnished, and in 
which the table and spindle could be packed when dedred. It 
fitted np with the cast iron stand, the whole might present a 
neater appearance, but the additional expense would not add to 
its utility." 

Slides which have been imperfectly centered on other tables, 
are recentered tor varnishing by the use of two rectangular tri- 
angles and a little wedge. The inventor uses the corners of a 
broken slide and a piece of matcli. 



e w.is invented by Mr. C. 
a in Tig. 6& The elide is 1 




Fig. 66.-c< 



grasped liy two angle-pieceB, -which are simiiltoneiTtisIy moved 
to and from tl.e ceatre by meaiiB of a right aud left hand 
Bcrew. Wlien it ia desired to re-Tamish Elides which have 
not been accaratoly centered in the first place, a pair of spring 
clips, attached to a stout bur, &re fastoni'd on. This can bi 
effected in an inatant. The arrangement iashown in Fig. 87, 




5 a very iugeuiona device for p'.aciiig arow of 
Bmall cells along the middle of a slide. This consists of two 
iqnal right-angled triangles, the square comers of which fib into 
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the clatcLes, thus allowing the long eider, to lie parallel to each 
other, and at equal distances from the centre. A alide may 
thus be grasped between them, and pushed along longitudin- 
allj, as may be desired. 

Those who once see a turn-table, will find no diffloulty either 
in nnderatanding the method of using it, or in putting this 
knowledge into practice. The slide, being held on the table 
either bj springs oi clatohes, is made to revolve rapidly, and a 
brush, charged with cement or varniab, is held against its sur- 
face BO OB to leave a ring. Tbere is a slight knaek about making 
good cells, which it requires a little practice to acquii'e. Tbe 

, bnish must be held in the directiou of a tangent to the ring — 

that is, it must not point to the centre of the oircle, but mnst 

o that the ring, as it revolves, will draw the cement away 

' from the brush. Practice ulune can give eip( rtness in doing 
e would advise the beginner to work steadily for a 
few boars at making cells on pieces of common window glass, 
strips of which can be hod for nothing frum any glazier. The 
chief points to be attended to are the position of the briish and 
t^e consistence of the cement. If the latter be too fluid, it 
spreads and does not form a well-defined circle. If too thick 
it does not leave the brush as freely ua is necessary. The 

I method of preparing the cement will be explained under the 
proper head, 
slid 
Den 




Where a turn-table is not at hand, very good cells may be 
I made as follows: On a card draw the outlines of a slide with a 
of circles in tlie centre, as shown in Fig. 68; lay the 
[ elide OR the card so that the centre of the circles will be at the 
I centre of the slide, and then point a oircle of cement on the 
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slide bj uand, the rings beaQatli serving aa a guide. Very good 
cells mitj be thus mude, but lbs process is of oonr^e more 
tedious tbiu tUat with tlio titru-table, aad does not givu aa neat" 
results. 

A few preouiitions are uecessarj in order to insure the per- 
manent adbesioa of the cetls to the glass. In addition to pro- 
viding cement of good qnatity, we rnuBt see that the slide is 
drj and receiilly healed. It is diffl'^ult, with most cements, to 
nse hot slides, as tiie cement is apt to flow; but the slide should 
have been recently heated, and after the cement has poitiallj 
hardened, the cells ahoald be baked by exposure to a temper- 
atore aa high as they will stand. This is easily doiteby placing 
them OD a board or plate, and leaving the latter for a short 

Where cells of greater depth are required, rings of various 
materials are cemcuted to the slicle. For objects monuted dr^ , 
rings of leather or cardboiird answer well, provided tbey are 
carefully Tarnished so as to be impervious to air and moisture. 
For liquids, rings of glass, tin, ebonite, etc., nre need. Kings 
ol rubber and gutta-percha huve been suggested, but tbey do . 
not answer, as they soon become rott«a. Full directions for 
making and using deep cells may be found in the works ol 
Quekett, Carpent*r, Beale, Frey, etc. 

HoT-PiATE. — Tliia is simply a stout plate of brass or iron, 
which is supported over a lamp by suitable means. The com- 
mon plan is to insert four stout wires to serve as legs, but a 
better mode is to support the plate on tba ring of a retort 
stand, as its distance from the lamp can thus be readily ad- 
justed and the temperatnre regulated. The Lot-p]ate serves to 
distribute the heat, and thus to prevent the slides from becom- 
iag suddenly otul unequally heated. Moreover, by means of 
it several slides cua be heated at ouce, and thus much timo 
may be saved. It should be tolerably heavy. The one we use 
is of cast iron, sis inches long aud three inches wide. The 
upper surface has been ground so oa to he tolerably smooth. 
When a hot-plate is not nt hand, a good substitute may be 
found in a smooth brick, or, belter still, a plate of soapstcne. 
These may be heated in the fire and will retain their heat for a 
loiig time. 
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Lamp.— Any lamp, or even cundle, will aiiaver, bnt w« prefer 
n spirit lamp, the flame being free fram smoke and ek^lj- mam , 
aged. At night the kerosene lamp used for giring light will 
ftuswer. Where gas is nsed, the Ban.seit bttraer Li a grMt crai' 
venience. Whatever lamj) or burner be used, it AbonJJd be sur- 
rounded with a chimney or shade, so as to prevent the flicker- 
ing of the flame hj cnrrenta of air. The b^t Bhkde is * tin 
cylinder, with rowa of holes at top and bottom f'lr tlie adflus' 
don and exit of air. 

Betobt SiATdi. — a suitable retort ettni ia a rery rimfrie 
a ETair, and is best made at home. Oars conssts of k boud of 
hard wood, 5 inches by 4, into which is screwed a rod fourteen 
inches long, and a quarter of an ineh in diameter. The tinga 
have no screws, bat are simply pieces of wire, one end of wbich 
is twisted round the rod, while the other is formed into a ring 
of the required size. Rings formed in this way are eariiy 
moved on the upright rod, but, no weight placed on them in 
the nsnol manner can canse them to slip down. 

Cabds fob Centeriso the Oeiects. — Unless the object! 

are placed on the centres of the slides, the btt^r have a xery 
I awkward look. By drawing the outlines of a slide on a card, 

and marking out the centre, this difficulty is easily o' 
I A CBzd marked off in this way is shown in Fig. 69. 



It ia well to have two cards, one bkck with e. white centre, 
and the other white with a black centre, as some objects, when 
'inmersed in the medium in wLioh they are to be mounted, 
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show beat against a dark groand, while others are most easily 
Been s^ainat a light one. I'bose who use the aolf -centering 
tam-tableB may readily centre their slidea bj pitinting on them 
a ling of Bome water-color, which ia eaaily washed off. The 
ring is, of course, laid on the side opposite to that which 
receives the object. 

MotraxiNG Needlbh.— These are similar to disaecting nefldles, 
but being used in balsam, varnish and similar suliatanceB, they 
oaniiot be ased for dissection, and should be kept by them- 
eelves. They are most easily cleaned by being warmed over the 
lamp, and wiped with a piece of soft leather. When the balsam 
is burned on thorn, as recomraeaded by some, it leaves a crust 
which is not easily removed. 

CoYEB FoRCBPS. — In plaaing the cover on the obiect, the 
ordinary forcepa are very inconvenient. We 
have long used a pair of forceps bent as in 
Pig. 70, and with the points carefully 
adjusted. The mode of uaing the instnuuest 
will be obvious from the engraving. A Tery 
ingenious device intended to answer the same 
purpose haB been invented by Dr. Fletcher. 
These forceps are aelf-closing, so that the 
thin glass cover is held without any effort. 
After the cover is in position on the slide, 
oa the blades they open and allow it to slip out. 
should 
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Fig. 70. 
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by pressing 
If the cover 
stick to the forceps 
in the slightest de- 
gree, it may be pre- 
vented from moving 
when the forceps 
are removed by in- 
serting a common 
pin in the slit seen 
shown in Fig. 70, the 
wire fork (a hair-pin 
made to straddle the i 




I Fig. 71. When neing the foroepa 
me end may be attained by means of a I 

as good as anything), which may be 
se of the inatrumeut. 



SuBE Holder. — The hot elidea caouot lio comfortablj held 
in the fingers, aud therefore a pair of voodea forceps btNiome 
a necessity. Those uanallj Bold are made by Ecrewiug together 
two thiu slips of wood with a piece of brass or lead inserted be- 
tneen them at one end. To admit the slide, theslipsnre forced 
apart by presfliDg on pLua arranged as in the stage forceps. 
■When placed on a table the 
metal coniiter-baiances the slide, 
and keeps it from touching tlie 
Bnrface on which it is laid — a 
■very important point. The Eng- 
lish forceps, being all wood, fre- 
quently tip with a heavy slide. 

A common spring clothes-pin 
is frequently naed, bat when we 
come to lay the slide down, the 
olothes-pin holds it in an awk- 
ward manner. The end of the 
hot slide is sure to lie on the table, 
and if fluid baLsam or other me- 
dium should be present, the fact 
that the slide is not level produces 
t>ad resnlts. By cutting off aboot 
half an inch from one of the 
limbs of the forceps part of the 
pin, however, this difficulty is 
avoided. The slide may then bo 
grasped in such a. way that when 
the clothes-pin ia placed on the 
table, the glass will be held in a 
perfectly level position. Aglance 
at Fig. 72 will show what we 
mean. A great udvantnge of this 
form of holder is that it costs but a trifle, bo that the micro- 
■oopist can supply himself with an abundance of them, and 
thus several slides may be cooling, while work on others is 
going on. "When very heavy shdes are nsyd, it may become 
necessary to screw a plale of sheet lead to the under side of the 
olothes-pin, so as to prevent tipping 
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Water Bath. — A water bath ia indispensable in those c 
where a certain very moderate degree of heat ia not to be es-. 
ceeded. Few persona fully appreciate the difficulty of regn- I 
lating or even estimating the temperature of an object lield over ' 
a naked Same, iind mischief ia often done before the operator 
is aware of it, A serviceable water bath is easilj extemporised 
out of an old fruit can and a aiuull beakr^i glass. This aerveo 
for exposing material and preparations to a temperature lower 
tban that of boiling water. Where elides are to be so heated, 
tlie simplest contrivance ia aflat tin box, tvith all t)ie joints 
(cover and all, of course,) tightly soldered. A small iaha, 
closed with a cork, serves to admit the water. 

Spkino Cups. — One of the first of the needs which impteeg 
themselves upon tlie mind of the beginner, is the necessily foi [ 
something to retaiu the thill cover in its place, until tbe 
ment, which ia intended toholditpermanenllj, dries. An end- 
less variety qj spring clips have been invented for this purpose, 
bat we have never seen anything that we liked better tban 
simple article shown in Fig. 73, and which we have used for 




Fig. 73. 

orer fifteen years. It eonsistB simply of a piece of brass ynia I 
bent 1I& in the engraving. The sUde being held in the left; ' 
hand, the clip, held by the upper wire, is brought so that the ] 
projecting part of the ring is placed under tha edge of tbe 
slide. The upper part is then lifted np so as to open the dip, 
which is then slid on to tlie slide nntil the vertical point is in 
the right position. When a broader surface than the point of j 
the wire is needed, a piece of cork may be stack on it, and if 
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iheTe shotdil be ueeJ for gmdter preajure than tliat 'which tlie 
^spring of the wire affords, this can be obtained bj sHding a 
;Mniill brass ring on to the clip. 

VariouG other forms of spring clip have been invented, but 
none that we consider more sicaple, or that we like better than 
the above, -which has this great merit, that anj' one can make it 
for himself out of materials that may be obtained at auj hard- 
ware store. It must be borne in mind, however, that all clips 
odnstrncted npoa this plan are apt to cause a slight displace- 
ment of the object, from the fact that the movement of the 
point is not quite perpendicular. "With delicate objects this is 
a matter of importance. The only remedj is to use the ead. 
pressure of u rod moving in fixed guides. 



CEMENTS AND VARNISHES. 

A supply of oaref ull; selected cements and varnishes is indis- 
pensable to the microscopist, and it is also well that he should 
understand the nature and properties of the materials used, 
otherwise he will be liable to make gross blunders. Tiius, of 
the diflerent articles in use, some are easily miied with each 
Other, while others separate as soon as left to themselves; some 
dry in one way and some in another. It would require a vol- 
ume to detail the properties of the different substances which 
enter into the composition of the cements used by the micro- 
Hcopist. We have space for only the following hints, which, 
however, we hope will prove usefal. 

Oementa become barJ ia three different ways — cooling, eviip- 
oratiou and oxidation. Shellac, sealing wax, electrical cemcut, 
etc., when melted by heat, furnish examples of the iirst pro- 
cess. Shellac and sealing-wax dissolved in alcohol, and aspLalt 
Bud damar dissolved iu turpentine, dry by tiie second process — 
GOlventa evaporating and leaving behind the material which 

ley Lad dipsolved. Drying oil in all its forms, such as gold 
1, paint, etc., becomes hard by oxidation — not, as is gener- 
Bopposed, by evaporation. 

In the case of varnishes which dry by the evaporation of 
of their constituents, it is obvious that if a fresh layer 
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lie laid over an old one, the old layer will be sotteaed, 
■r there should be any tendency to a Tttoumn in the call, 
^ Boftened cement will be unuble to resist the oatside 
j^ /essure, and will creep in and epoil the object. So, too, 
with varniaheH or cemeuta formed chiefly ot drying oil or gold i 
size. It the different coatB be laid on too thickly or 
rapidly, the part that is beneath cannot eaaily harden, but 
remain for a very long time in a semi-liquid condition, 
have jnat removed some brass rings from slides to wliicli th^ 
ivere attached four months ago by means of gold size, and 
althongh the outer surfuce of the cement was hard and dry, the 
interior was quite liquid, freely soiling the fingers. 






OoLD SizB. — The most eitraordinary recipes have been give 
for the preparation of this cement, which is in reality nothii 
but good linseed oil rendered very drying by the nsae 
methods. Gilders frequently maJce it into a semi-paint 
adding coloring matter, thus forining a ground of a shadB- 
eioiilar to the gold they nse, and this seems to have misled some 
of our best writers. There is no ochre, litharge, or anything 
of tbe kind present in good gold size. It docs not pay to pre- 
pare gold size in small quantities, and it may be obtained from 
any color dealer. The older it is the better, and it is welt, 
therefore, to lay in a good stock, which must be kept carefully 
corked. The working supply should be kept in a small bottle. 
This is the favorite cell makicg material employed by Dr. Car- 
penter, and it is certainly tbe most reliable cement we have.. 
It adheres firmly to glass, and if laid on in very thin 
layers, tolerably deep and very durable cells may be built 
up, but the process requires considerable time, otherwise tbe 
under layers will remain soft. It has this great advantage over 
asphalt, damar, and other cements composed of solid materials 
dissolved in some menstruum, that fresh coats have but very 
slight action on the old layers on which they may be laid. It 
mixes with turpentine, and consequently with moat materials 
soluble in turpentine, but when once dry and Lard, turpentine, 
alcohol, ether, etc., have little or no action on it. It does not 
mix with alcohol, and therefore cannot be mixed with 
solution of shellac in alcohol in any of its foEtBB. 



by^ 
ds ■ 



M 
^ 



1 



OP THE sacEOScopE. 223 

Eij.rK Japan. — Whea this can be propiireJ of good quality, 
it makes a very escellent celL It adheres^ itj llrmly to tha 
glass provided tlie latter be exposed to a iuoi]ir;il« Leat after 
the cement haa lieeome dry. Black Japim drit'a ii]i and thick- 
ens when kept, but may be thinned with turpentine. 

Bbunswiok Elaok. — This is simply a solntion o£ asphaltnm 
in turpentine. Oecasionallj it is rendered very black by lUo 
additioQ of a little lampblack. When good, it makes a very 
excellent cement. Its quality depends chiefly upon the chiir- 
BCter of the asphaltnm that is used in its preparation. Now 
there are several varieties of asphaltum iu market, the most 
common kind at the present day being that obtaiued from coal 
tar. This seems to be entirely unfit for the purpose. The 
proper kind is that which is found native in several parts of the 
world. The two kinds are easily dislinguiahed by their odors. 

Sheujo. — This well known substance, when dissolved in 
alcohol, forms a varnish or cement of great value to the miero- 
soopist, and is the proper one to be used when giyeeriiie is em- 
ployed. Mucih of the shellac in maiket is artificially made 
from resin and was, and makes a poor varnish. Beal shellao 
mast be employed if failure would be avoided. 

TJBT.T. 'H CsuENT. — Carpenter states that this cement is merely 
shellac diBBolved iu alcohol. With us it has presented no ad- 
vantage over other cements. 

Sealinu Wax VAESisH.^Tliis is prepared by dissolving the 
best sealing was in alcohol. It uutonunately happens that all 
the fancy colored sealing was in market is of inferior quality. 
Very excelletit red wax may be obtained, but we have never 
been able to obtain good blue, black, green or other colored 
wax. We therefore make varnish of these colors by dissolv- 
ing iu alcohol tlie materials used for making the best red wax, 
Bubstitutiiig some other color, however, for the vermillion. 

CoLOKED Shell AC. ^Bleached shellac, dissolved iu alcohol, 
and colored with aniline blue, red, etc., makea a very line trans- 
parent varuish. 
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DiiiAB Cehbst.— Tliis is a miiture ot eqaal ports of damflT 1 
rarnish and gulcl dze, mixed together. It should stand foC j 
some time before beiug used. It is said to be very excellent, J 
It ia Tsrj tough, and serves weU as an outer coatiug over aaali | 
brittle eemenls &a shellac and sealing wax Tarnish. 

Makinb GtrE. — This ia undoubtedly the strongest cement 
in use for joining pieces oE glass or glass aad metal together. 
Skilful microscopists make great use of it; beginners do not 
find it so easy to manage as some others. In using it, the 
simplest method is to cut it in small pieces, lay iton one of the 
surfaces that are to be joined, melt it by beat, and apply the 
other surface, making sure of perfect contact by rubbing the 
two pieces upon each other, if they will allow of it. 
glue may be obtained from most dealers in microscopes. 

The cement known as liquid glue, is simply a, solution of 
shellac in alcohol. 

For attaching labels, paper covers, etc., to tbeshdes, nothing 
is better than good dextrine. After having mixed the dextriuA 
■with water to the proper consistence, add sii drops of glycer- 
ine to the fluid ounce of dextrine. This will prevent the labelft> 
or covers from cracking off. 

Having provided himself with the necessary tools and mstep- 
ials, the next step is to learn how to useaudapply them, and this' 
will probiibly be most easily taught by describing a tew char- 
acteristic examples. And first of all, selecting the most easily 
mounted oE all objects, we commence with the scales 
butterfly's wings. Having prepared u cell of proper size, and 
allowed it to dry, the first step is to select a covei to suit it, 
and give a fiaal cleaning to both slide and cover. When every 
particle of dust has been removed, breathe gently on the slide,^ 
and press the wing lightly against it, and within the celL Jk' 
large number of scales will at once adhere to the elide, «ai' 
the next step is to attach the carer. Place the slide on the hol- 
plate, (which must nut be too hot, however,) and whenitia 
thoroughly dry, and the cement somewhat soft, lay the cover 
on by means of the cover forceps. Press it into contact with 
the cement, and the operation is completed. It is not difQcnlt 
to see when the cover and the cement are in perfect contact. 
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and great earn niQSt be taken to close the oell nil round in this 
■waj. It is true, tUis i^oait is nut of so much conseqaence with 
the pBftioiiki' object under cousideratiuu, but witli some ob- 
jeotsit wouldbe quite important. TlieHCdles aru iiuwniaimted 
dry, and may be kept for say length of time; no duet can soil 
them, and they are nob liubJe to be injured by contact with 
other bodies. It only remains to label and " finish " the slide 
ts hereoftet directed. 
Nest to the above in simplicity is the mounting of snob ob- 
I jeate aa the wings of inxects in bulsam. Suppose ve wish to 
mount one of the smaller wings of a bee or wasp, so as to show 
le curious hooks with which it is armed: Place the warm slide 
a the centering card, drop a little bulsam on the centre, and 
' again warm the slide, so that any air that may be present may 
: oollect in fine bubbles nhich cim be removed by means of a 
oi)ld mounting needle. When the air-b«bblea Lave been re- 
moved, seize the wing (previously well cleaned with a camel 
hair brush) with a pair of fine foroepa, ond lower tlie tip of it 
into the warm balsam. Tbenslowlylowerthewinguntilit is en- 
tirely immersed. Drop, very little more balBtun on it, warm 
the_Bltd6 again (slightly this tiinu), and remove nirbubblesit 
there should be any. Thi-n taka a clean cover iu the cover for- 
ceps, make it quite warm, and place it over the objeut by allow- 
ingit to first touuh one edge of thu balsam, and then to grad- 
ually fall down BO as to exclude all air bubbles. In the case 
of the bee's wing it does nut answer to aitply much pressure as 
. this would tend to distort the hooks. Press the cover tuto 
[ place as much as it will bear nod no more, lay the slide in a 
' warm place for some time until tlie balsam hardens, and then 
clean and finish the slide. 

In mounting objects iu balsam and fluids, tlie great difficulty 
to be encountered is the presence of air bubbles. Carefid and 
j udioions management, however, readily <'uablf8 us to avoid 
them. In the first place see I hat I bey are entirely removed 
from the balsam on the slide. This is much more easily done 
before immersing the object iu the balsam then afterwards. 
I Next see that the air is expelled from the object. In the cose 
1 of the wing, this is effected by stoidy immersing the object iu 
[ the balsam. Lastly see thst no air enters with the cover. To 
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do this see tliat tLe cover ia Lot, ond that it is 

baUum slowl;, and from ooe eid^. If in an j ease tliere should i 

he a TBcaDt epaae under the cover ae at a Fig. 7i, and it eliould J 

be desired to filiit, do not apply t!ie fresh balsam directlj at a. T 

yo do BO would certainly be to inclose a large air bubble. Drop 1 

the balsam at b, warm tho slide, and the balsam will creep in by 1 
oapilUry attraction, and expel the air. 



Fig. 74. 

Let us now snppose tliat we have some small insect which 
we have prepared by soaking in potash, and which we desire 
to mount in balsam. Such a preparation if immejaed directly 
in balsam, would be spoilt, since tho balsam and watery Golu" 
tion would not mis. Thei'efure, proceed as follows: Woeb the 
insect in pure water, luid druiti off the water; wssh with fitrong 
alcohol, drain, off the alcohol, and soak for twenty-four honia 
in the strongest alcohol you can get. Four off the alcohol and 
soak tor twenty-four hours in turpentiue. The object may 
now be immersed in bolsiim without difficullj. 

Air pumps and simihir eoutrivances are genersJly recom- 
mended as the best menus for removing air bubbles, but we 
never use them. If the object be dry, we soak it in alcohol 
until all the air has been eipelled, then transfer to torpentjne, 
and finally to bnlsam, This reqmres time, itia true but it does not 
occupy the time of the microscopist. The soaking process 
goes on withoat any attention from him. and while it iuvolvea 
far less labor, with us it haa always given far better results, 
though we have used very fine air pumps, and followed the 
best published directions, Tuke the case of a dry shaving of 
wood, many of which are well worth mounting. It would bo 
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I very Iftboriotis to get tlie air out of tliis by means of the air 
] pump, while bj soaking successively in water, ^eohol, and tur- 
l peutiue, it cau be mounted with great ease without a bubble, 
let na now tiike tho c se of an object mounted in fluid iu a 
cell. Suppose it ia the so-called tongue of a fly, whieh of course 
baa been soaked for some time iu the liquid in which it ia to be 
finally mounted, viz., dilute glyceciae. We make a cell of suita- 
ble thickuess, which in this case may be made with shellno 
dissolved in alcohol. Several coats will be required, and oa 
aheUao alone does not adhere well to glass, we prefer to lay on 
first a coat of gold size or Japan, and when this is thoroughly 
dry, to lay the shellac on it. No difficulty will be found in 
making a cell of sufBcient depth. The cell ia now to be filled 
with the liquid, the object placed in it, and the whole carefully 
examined for fdr bubbles, which must be removed if they exist. 
The cover is now applied, all superfluous fluid removed by 
means of a oomel hair pencil, which has been moistened and 
then squeezed dry, and finally the edge of the cover ia to be 

^Ooated with a thin layer of cement. After a day or so another 
layer of cei^^nt should be laid on, and this process repeated 
ttntil at least three layers have been applied. 
We give no directions for the eonstruotion and use of very 
deep cells as this is work that will hardly be attempted by be- 
ginners. 

When opfjjue objects are to bo mounted eilher in balsam, or 
in fiiiid, the process required is the same as that employed fur 
transparent objects. Very many opaque objects are, however, 
mounted dry, and in this oaae all that is needed is to attach 
them to a slide, and see that they are properly protected. 
When thin they may be readily mounted in cement cells, and 
tbia is altogether the neatest and most secure plan where it can 
be used. Thicker objects require deeper cells, which may be 
made of card, ebonite or electrical cement. (3 parts resin, and 
1 of wax, colored with ochre or any similar matter). Cells of 
card are made by first punching out a disc like a gnu wad. 
and then punching a hole in this so as to leave a ring. The 
ring ia to be cemented to the gluss shde aud carefully Tar- 
nished. 

Wooden slides with, b, cell bored in the centre, are reoom- 
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mended very higliJj, and Beem to unswer & very good purpose. 
Tbe celkaro not bored qnit« tlirongb the wooden Blip, and aa 
thejoTB bkckened on the ineide, an^ small object that maj be 
cemented to the bottom of them fihows very welL For seeds, 
small shells, and similar objects, thej answer admirablj. lu 
most cases it will be found unnecessary to cover the cells with 
thin glass. Several slides may be packed together face to face, 
and it held in firm contact by means of a rubber ring, duat will 
be entirely excluded. Or they may be arranged in the drawers 
of an ordinary cabinet, face down, the labels being placed on 
the backs. This will effectually eiolade the dust. 

Some years ago we mounted a large number of specimens of 
minerals on leather discs, which were cemented to gloss slides. 
These leather discs were three-qnartera of an inch in diameter, 
and we Lad a lot of pill-boK covers which exactly fitted them. 
These covers, when slipped ou to the discs, protected the ob- 
jects perfectly, and the whole formed a very cheap, convenient 
and excellent mode of mounting. 

A very ingenious cell for opaque olgecta, the invention of 
Prof Pierce, of Provi- 
dence, E. I., is shown in 
Fig. 76. It consistaof a 
metallic cell, having 
broad flange like the 
rim of a hat, which is 
cemented to an ordinary pig. rs. 

glass slide, as shown in 

section in the lower figure. To this cell is fitted a metal cap, 
which covers and protects the object. The object may be placed 
directly on the glass, or raised bj means of a disc of any re- 
quired thickness, so as to be more Ciisily illuminated. The 
slide, with cell uncovered and containing aa object, is shown 
in the upper figure. Uncovered objects may in this way ba. 
very perfectly protected from duat and mechanical violence. 

Some persona object to any slide that is mounted without a 
glass cover. It must be acknowledged, however, that while 
glass covers add to the appearniice of the object and serve to 
protect it, they interfere somewhat with its examination, as it 
cannot be ao brilliantly illuminated, and the rays in their passage 
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to tlio objective are iuterfered with to a conniderablo osteut. 
The objet'tioaa to mountiug opaque oUjecta in cells ivith mov- 
ikUle covers are that even during tho slioii period in which thej* 
are exposed tor esamination they are liable to bo contamiuatwl 
\rikh dust, the cover is liable to be lost, and the objocC whcu 
eiposedis liable to meclinnical injuij. Theretoro, while a few 
brilliant and striking objects, such as miuei'alB, seeds, etc., moj 
Tvell be mounted in oi>eu cells, all delicate and valuable objects 
should be permauentlj covered. 

Of late Jem's the most ijopular cell for opaque objects is un- 
doubtedly tliat devised hy Prof. Hamilton L. Smith, and linown 
IS cell. Various methods of maldog it are in use, the 
following being tliat originally published by tho inventor: 
Take a circular disc of thin sheet wax, which is easily cut with 
n gnu punch from the aheet wax ordinarily used tor 
making flowers, and attach it by means of heat to the cen- 
tre of a glass slide. A brass cnrtain ring, of which the inte- 
rior is the same size as the disc, is then slightly warmed and 
laid on the wax, to which it, of course, adheres. Tlie object ia 
fixed to the was by alightly moistening tlie surface of the latter 
by a minute drop of turpentine. When dry, a. cover, wliich 
exactly fits into the bevel of the ring is attached thereto with a 
little cemeut, and the whole may then be finished ofi' ou the 
turn-table. 

The appearance of objects mounted in this way ia very ele- 
gant, and consequently it has become a general favorite. It 
has, however, recently been condemned in most unsparing 
terms by the inventor, who has found that the under surface 
of the cover Iwoomes in time coate<l with a deposit which 
causes a glare that entirely prevents dear vision. As sooa ns 
this difficulty was announced, an animated coiTespondence 
-took place in the scientific journals, and it was found that 
while aome microscopists had experienced this difficulty, it 
had never occurred to others. The final conclusion seems to 
be that the difficulty avisea from the kind of wax used, and the 
method of attaching the object to it. The wax should have 
l>een thoroughly melted at a temperature an high as it will 
bear, bo as to drive off all volatile matter, and instead of using 
diaoa punched from sheets, the wax should be applied in a 



melted condition, by raeniiB of a brash, to the warm glass elide. 
The object ehould not tie stack on irith turpentine or similar 
cement, but should be ottached to the wax after a small spot 
on the latter has been softened hy bringing near it a hot wire. 
Objects mounted in this way, in colls so prepared, seem to re- 
main in good condition for years. 

A very ingenious cell hua been devised by Mr, D. B. Scott. 
This cell is punclied out of thin sheet melal, as shown in 
and section in fignio.s 7G and 77. Thi' i'< II r- fi.iiiiLod by the 




centml depression, and there is a turned-down edge all round 
the Blide which gives it strength, and causes it to lie steadily 
on any flat soiface. The cell lias a ledge, or rebate, as seen in 
figure 77, for the purpose of supporting Ibe thin glass cover. 
When made of tia the whole slide is japanned; those mode of 
brass are lacquered, and the interior of the cell is covered with 
black asphalt, or some similar dark varnish. The objects are 
attached to the surface of the varnish by moans of gum watet, 
to which a yei'y little glycerine has been added, and the thin 
glaes cover may be cemented down and varnished on the turn- 
table in the usual n: 
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Tlie alleged failure of the wax cell gave rise to a great many 
devices, one of which, proposed by Mr. Atwood, conaist^ of a 
valoanite or hard rubber cell, of which a sectional view ia 
given in figure 78, the dotted linea showing the thin glass 
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The base is solid, tLus giving a black back-ground of 
llubber; aronnil llic top is n ledge fitted to receive a one-lialf 
^Incli cover glass; this being securetl by a trifle of sbellac or 
milat cement, completes the mounting. Tlie cell may 
l>e attuclicd to a glass slip bj any cement, before or after 
preparation. For esclianges it ofieia auperior advantages, in- 
asmacli as tbe cell, with objects enclosed, may be sent tlirougli 
the mails independent of the glaea slips, the recipient attach- 
ing tliem. 

Cella similar in construction to the hard rubber cell may be 
moulded out of melted shellac by any one who is possessed of 
a proper die or mould. The die is easily turned out of a piece 
of brass, and with two or three moulds of different sizes, and a 
little shellac colored black, the mici-oacopist may easily and 
cheaply provide himself with a supply of cells suitable for 
alin(»t any object. The idea ia due to Dr. Dayton, of Clere- 
I laud, and the details of the process mny be found in the Ameri- 
I ttoi Journal ^jUicroBCopj/ for June, 1881. 

A cell which, we have found veiy durable, easily and quickly 

r made, and very neat, is oonstructed as follows: Having pro- 

reared soine good gold size and pure litharge, grind the Intter 

Lto a very flue powder. Mis the litharge and gold size to the 

■ihioknesa of cream, and color either black or dark olive by 

iilding Innip-Mack. With this cement it is easy to make en 

y cella as may bo nanted, by laying on a ring with a brush 

fVhile the glass slide rei'olvefl on the turn-table. As soon as 

the rings or cells are mcde, duat finely -powdered litharge over 

them until they are covered a sixteenth of an inch deep; allow 

them to stand a few minutes, and then shake off all the loose 

litharge by means of a few smai-t taps. The surface of the cell 

will now be quite rough. Allow it to stand a few hours, and 

then press it against a p ate of glasn. If this be done carefully, 

a Hmoolli, level, solid ring will be left on the slide. If ihe 

edges should not be as smooth as they ought to be, it is easy 

to trim them off on the tnm-lable by means of a small chisel. 

Any tar a -table with stout spring clips wi" held a slide with 

sufficient firmness to allow of such soft material being turned 

quite true and smooth. Of course tbe tables which gro^p the 

elides by the corner are best for this purpose. Such eella, after 
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a fow weeka, become vei-y hard, and may be finiaboJ so as to 
be very neat. When covered with a tew coats of sliellac var- 
nisli or pure gold eizo, and completely dried, tliey liold liqiiids 
very well. Tliey adiiei'e so firmly to tha slide tiiat on several ' 
occasion!) wjiou the slide has been broken by a Call, the cell has 
not parted from the glass. The only objection which we fin " 
to ttiem is the length of time which it (alies them to hoi'deQ. 

Tiu foil, which may be had of various thicknesses from that 
of thin paper to a siiteentli of an inch, makes a capital mate- 
rial for cells. It is difflcnlt to get the inner and outer circles ' 
which form the ring, concentric, except by the use of special 
tools. Prof. Chester avoids this difficulty by placing a larga '. 
number of linga on a rod or mandril which jnst fits tlie open- 
ing, and after screwing the rioga tightly endwise, ho turns off .1 
the outside bo as to leave it perfectly true and even. Mr. A. T. T 
Moore cements the sheet of tin foil to the nlide by means of -I 
dhellac, and cuts out the ring on the turn-table by means ol » [ 
sharp knife or chisel. 

Pinlsbing tlie Slides. — The appearance of a collection 
of Blides depends very much upon the style in which they are 
finished, and although in some iiislancea it may be anid that 
the finish does not affect the intrinsic value of the object, it 
is generally the case that a well-finished slide is more durable J 
than one that has not been properly completed. The old ays- I 
tern of covcriag the slides with paper is now entirely obsolete, 
and properly so. It was troublesome, unsightly, unless in pro- 
fessional hands, and not very durable. Fortunately slides 
with ground aud polished edges aro now so cheap that there is 
HO occasion to resort to the paper cover. Objeele mounted on 
these slides, whether in cells or otherwise, are in general cov- , 
ered with round covers, which are adjusted on the turn-table , 
60 BB to be perfectly central. After the mount has been com- 
pleted so far as fastening down the cover is concerned, the 
edge of the latter is finished with a neat coat of varnish. This 
varnish serves to do something more than merely ornament the 
slide; it secures the cover in its place, and prevents the drying 
up of the medium used for mounting. Even in the ccbSQ of 
Canada balsam it is of use, lor it gold size be used as th« Tftr- [ 
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nisli, it preveata the evaporation of tlio tnrpentine, anj tlie 
ultimate dicing and cracking of the balsam, 'Where glycerine 
jelly, glycerine, or glycerine and gnm are used, it becomes 
indiBpoDB&blQ. 

The pt'oeesa emidoyeil for finishing slides in this way is as 
follows: The objects having been monntei], the slides are laid 
away nutil the balsam, cement, etc., have been hardened, when 
all snperfl nous mnttera of this kind are easily removed with a 
small chisel made out ot a brad-awl ground thia and sharp. A 
small chisel-pointed piece of hard wood, and a little water, will 
xemove the last traces of balsam or varnish, and if necessary a 
final cleaning may ho given with a rag moistened with alcohol. 
Tile slide is then placed on the tum-lable, and a neat ring of 
varnish, either plain or colored, is run ai'onnd the edge. The 
vai-nisL used for this purpose should be selected according to 
the material in which the object is monnted. Thns, for ob- 
jects in glycerine, glycerine jelly, or gnm, the best coating is 
shellac vamisii, which may bo left quite transparent and 
colored with some of the aniline colors. Shellac also answers 
on Canada balsam, when the latter has become hard, but gold 
nize is better, and the gold size may either be colored with 
the ordinary artiste' colors, which are sold in tnbea, and 
which give an opaque-colored ring, or transparent oolors may 
bo nsed. 

Labeling the Slides. — The proper labeling of slides and 
material is a most important matter. All bottles should be 
labeled, not only on the bottles themselves, hut on the corks 
or stoppers, and tlie slides should be kept labeled or numbered 
during every stage of their progress. Our system is oa follows : 
Before the object is mounted the slide is labeled on tlie undsi- 
side with a very thin gummed label. Numbering with the 
-wnting fliamond is deferred until the mount is completed, be- 
cause, if spoilt, the whole may be thrown into a jar to be soaked 
off, and this cannot be dooe with figures written or scratche I 
la n'ith a diamond. As soon as the slide is finished the regular 
label is attached, and the elide numbered with a writing dia- 
mond. Of this namber a record is kept, so that even if the lab(?l 
should fell off or get soaked off, a new label may be providwl; 



and imfortuiibtelir it sometimes liappenn tliat labels drop oS 
either from exposure to moisture or escessive di'yuesa. 

As regards desigaa, etc., for labels, tlia variety is endless. 
Eacli microscopist will probably select the one that accords 
most neaily with his own taste. The only snggestion that wa 
would make is that severe simplicity be adopted as the mle. 
Complicated and fancy labels look well at fii'et, bnt they soon 
pall, and we get tired of them. It is well to have a lavge blank 
label at one end, on wLirh memoranda may be written, aucU as 
the power best adapted to ahow the object; whether it is best 
seen by reflected, transmitted, or polarized light; the location 
of intoi'eating points as determined by the Maltwood- Finder, 
etc., etc. An important point also is tho direction in which the 
reading should mn — whether across ot lengthwise of the slide. 
There seems to be no role on this point, and it would be well 
for onr societie*! to diseuss this subject, and establieh a rule for 
the beneflt of exchangers. Nothing is more aggravating than a 
lot of slides labeled in differnnt ways. The direction will de- 
pend, of coarse, upon the kind of cabinet used. For cabinets 
with racks, either way will answer, though the lengthwise direo- 
tion is somewhat the most convenient. For (he old style Eng- 
lish cabinet, in which the objects lie flat and endwise lofhe front 
of the drawers, the writingahoiildrun across the slide. For our 
American cabinets with drawers having simces divided off for 
each slide, the writing should be lengthwise of the slide. In 
short, when the slide lies in its proper position in the drawer, the 
lines of writing should run pai*allel with the fi-ont edge of the 
drawer. 

Cabinets, — The value, either for work or for exhibition, ot 
B collection of microscopic objects, is greatly enhanced i 
they are properly arranged and easily accessible. Conse- 
quently every microscopist who possesses even a small numbeE 
of slides, should provide some kind of a case or cabinet for *' 
keeping them. 

The simplest form of case is one with racks, and thea 
made in a great variety of styles, forma, and sizes, from the ' 
simple mailing box, holding two or three slideK, to lai-ge and 
expensive cabinets. The oonunon box, with a kinged lid, and \ 
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r Bolding tweutj-flv-e objects, answers well for caiTying a tew 
objects to esliibitiona aod the like. Tlie oiiief objections to 
this style ol cabinet consist in the difScuUj of lifting outauy 
l>a]^cnlar slide and of reading the Dames. The latter difficulty 
may bo obviated by writing the names on the bottom of the 
LImx on a line with tho slide; the first objection may be rn-Ui- 
Mffitled by placing the spaces in the rack as far apart as possible. 
r These rack boxea moke altogether the cheapest cases, and when 
placed in cabinets lioldiug, say, a dozen boxes, or three linn- 
dred slides, tliey form a very economical and convenient ar- 
rangement. The cabinet, or outer case, should, oF course, be so 
made that the boxes will stand on end, as in this way the slides 
lie flat — a most important point. 

Coses or cabinets of shallow drawers in which the elides lie 
flat, with the labels fully ciposed to view, are, however, alto- 
gether the best. They have been made of various forms. A 
cheap, simple cose, holding abont six dozen slides, may be had, 
in whioli the drawers do not slide in grooves, but lie one above 
the other. The only objection to this plan lies in tlie fact that 
all the drawers must be taken out if we wish to get at the lowest 
one; but where there are not more than a dozen drawers this is 
not avery serious difficulty, and the compactness, lightness and 
cheapness of tho arrangement make it quite a favorite. 

In the English cabinets the slides lie with their ends towards 
thefront of the dmwer, bo that the motion of pnlling the drawer 
ont or pushing it in, does not cause the slides to slip over each 
oUiei'. This is a veiy excellent arningBraent, and one which 
we like tietter than any other. In the American cabinets as 
hitherto made, the slides lie with the long edges towards the 
front of the drawers, and are prevented from slipping over 
each other by small partitions which divide the rows into 
spaces one inch each in width. This is, theoretically, the most 
}ierfect aiTangoment, but it requires a little more room than 
the other. The American cabinets have, however, one feature 
which is a most important one: The spaces in which the slides 
rest have a depi'ession under the ends of the slides, and by 
liressing on the end, the slide Li lifted so that it is very easily 
1 1 gi'osped. In the English cabinets this feature is wanting, and 
mlt is only with great trouble that a tightly-fltting slide can h» 
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tftlicn from its place. Foi'tunately, any drawor wLii^li ifi ileep"! 
lugh, maj have iLis dBvice applied to it by simply jjl ru'iiig Q 
n etiij) of wood or pasteboard or tiie Imttom of tlio drnwa 
e np tliG pait on 'n'hicli tlie alideH iijat, but leaviugl 

a apace of about tln'ee-qnartera of an inch nmlGv tlie end of tlie^ 

slide, into ivl]ie!i tlie latter may bo tipjwd. 

The Maltwood Finder.— This 

cessory to erei'y microscope, 

change of notes between 

luicroBCOpiNts living at a 

distance from eacii other, 

bnt it enables oliaervtrs to 

make au aecnrate i*ecord of 

the position of any object, 

and thus make sure of its 

identity ■when under ei- 

amination at different times. It cousiats of a 

fie wider than an ordinary elide, upon which U 

occupying a space 1 by 1 inch, as shown in figure 79. Thin "" 

(space is divided into 2,500 sqnart'S (50 divisions on each aide) 

and each of these small squares contains two numbers, one of 

which indicates its posiHou from bottom to top, while the 

other marks its pottition from right to left. Thus the aquara J 

which lies on the tenth line from the bottom, and the fifteentli 

from the light-liand side, would be 1^. 

The method of using the Finder isos follows: Placing o' 
stage an object mounted on an ordiuary slide, with its lower 
edgeagainstaledgoof somekind, and itnluft-hand edge against 
ft stop (the atop and ledge both being iiiovable as regai'da tlie 
stage), we bring some ])articular spot into view. Eemoviug ■ 
the slide, we now place the finder in its place, and read off the 
two numbers. It ia now evident that if at any future time we 
should place the finder against the movable ledge aud stop, and 
bring the same numbers into view, then on removing the finder i 
and placing tho slide on the stage and against the ledge s 
stop, which, of course, must occupy the same jiosition that 1] 
tliey did when the finder was in place, the precise spot oiigin- 
nlly under examination will be in view. We can therelora 
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iutei'BHt, and ao bu 







L easilj rcgistei' tlie locjvtjou nl any objui^ 

I certain of finding it nt anj future time. 

I" The niecliauical etdge, oi' the ordiaary movable glass stage, 

» described at page HO, or lliat shown in Fig. 24 [page 111) a(- 

f fordsBpecial facilities for using the Halt wood Fin det. But un- 
less fitted with some special coiiti'ivaaue, microscopes whicli 
Lave only llie ovdinaiy 
clips, are unauilalile for 
this ptir|)Ose. A movable 

I ledge and «top, which 

Linay be used with the 

V-oommon spring clips, is. 

P'iowevei', easily devised 

I and made. We often use tu on ™ 
.Mmpl.TOoJen.lMe "l!- »-n«f «>» ■ 
wilhalittle projection on the edge near one end. The wooden 
slide must be thicker than the glass slide which carries the 
object to be registered, as it is necessary that the springs should 

■ Iiold the wooden slide firmly in place, wliile the object-slide 
moves freely below the sjirings. A piece of vulcanite or Laid 
mbber abont the eighth of an inch thick and the size of the 
iiBnal. 3x1 glass slide auswei's admirably. It should have a 
stop fastened to one end, as shown in fignre 80, where a is tho 
''■ad mbber slide, and 6 is a small piece of brass, let into the 
id and screwed fast. 

Microscopical DlisinterpretBtlonB.— The observer 
who uses the eomponnd microscope labors nnder certaiu dis- 
advantages which do not affect those who eiamine large ob- 
jects which can be handled, and thus subjected to the scrntiny 
of several senses. The fallacies to which the microscopist is 
liable in this way deserve special attention and special precau- 
tions. We have already (page 19Sj alluded to certain fallacies 
of another kind, which mast be avoided by such careful and 
extensive study as will enable na to recognize foreign matter 
when we see it; the fallacies now under consideration can only 
be avoided by cateful study of the laws of optics, and by intro- 
ducing considerable variety of methods into our examinations. 
One of these sources of fallacy arises fi'om the Jiability which 
most persons have to see objects pseudoKcopicfdly, as it is called 
— that is to say, hollows appear to be elevations, and elevations 
appear to be hollows. The extent to which this tendency ex- 
ists is not generally recognized. Taking a gold coin, on which 

jthe letters, etc., were known to be raised, we placed it under 

^e microscope, and submitted it to se 
;t of these, five declared that they si 



intelligent persons. 
7 the lattere sunk into 
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the metal; t(vo bbiiI tliey were jaisetl. lu ol)jec;Ls too siuall to 
be felt, and where sections cannot be made, the trutli inaj ]>e J 
ascertained i<j watching the effect of i&ising or loweiing the 1 
object glass in fouuBsiiig. 

Anotlier fallaev of this kind has led to the belief that Lairs 
and mauj similar bodies are hollow. Seen under the micro- 
scope, a hair looks juet as if it wei'e a tube — but then, so does | 
a wire, which is known to be eolid. The test iu tbis case i. 
make a cross seotion of tbe object. 

The true form of objects may frequently be determined by 
studying the effect of ligbt and shade produced by aending 
tbe light aorosa them in different directions. Thia is most 
readily effected by means of the revolving stage, which, for this 
purpose, should have very accurate rotation in the optic axis. 

The moat singular fallacies, however, are those aHsing from 
certain illusions ot vision, which affect every one, and which in 
ordinarr practice, are eawily coiTected. For a full acconnt of 
these, the reader is referred to the works ot Helniholte; a brief 
accountof the most common canes is given in the Fouag Scieiiligl • 
for 1881. The one wLicli is of most mtei-est to luicroscopiats is 
the famous optical illusion of Nachet. ot which a figni-e is given 
below. In the course of his examination of the markings on '' ~ 




P. Angidaium, M. Nachet found that if a aeries of round black 
dots he arranged on a white ground, as in Fig. 81, the dota, 
when viewed ti'om a distance of twelve to twenty inches, will 
appear to be hexagonal, though we know that they are round. 
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THE HISTOLOGICAL MICROSCOPE. 
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CONCENTRIC STAND. 



■ JAMES W. QUEEN & CO., 
MICROSCOPE MAKERS, 

924 Chestnut St., Philadelphia. 

THE ACME XO. 3 MICROSCOPE, For finest work 
I In BucLoiiolouy. eic, being well fitted for all the wuita of phj'slclBiie, 
F protessorB and amatfiira, wlio require an InsCrunieiit of high grade and 
f AdBpUid to receive, bd; acceeaorlea. 
Kwilh 3-6 liicli LiiHi 1-6 Inch obJBcllyes, 2 eve-pieces (uowlt BO to . 

700), •rliuw sllili» nnd cover, In cane J83 00 

'\{.\t »>nie niitnt., but with addition ofthe 1-15 Inch oil IramerBlon 
objective and aiibatage condenser (power 60 to l,0O0; . . S150 00 
THKA.CMB 
NO. 4 MICBOSCOrB 
lij* pre-eminently the pracEiaIng pliyBl clan's 
inlcroBCO|ie, having ienses of siioh power 
Ifid qiiallt; aa will clearly show the dlag- 
h nostlc Lesl or consumpllon (Bac. ttiber- 
r oiiloeis); Binpl)' efficient lor urinary anal- 
Vysfa, etc; is also well B\i\tea for use of 
lilaaohtu^ 111 hlgb Hohuuls, iiharniaclsls, and | 
I otliers who require an Instriiinenl 

Uioraiittli worktiianililp Lu wlilcli tlie a 
1 dlnary Bccessories uiay be adijed (he po- 
" aiitlag apiiai'atiia. elc.). 

lid 1-5 In. objecllveB. two 
eye-pli'oi'B djuwer 40 lo BOO), tclusn 
Bildea and eavKVK In caim .... $55 oo 
THE ACME NO. li IHTCBOSCOPE it 
milt Bhnple liiil 1horoii!{h conslriii^lloii, with icoo<\ IrnMen, nnd el ii minl- 
1 est. admliiibly tulupti'd fl>t iiliyslclnnx' dully line In urlimljHls, 
r labomtory use In c<illi;;ceH, liir mcIiouIh. n>r balanlcal work, nnd 
LtliH study ol nature geiiemlly. 

WIUi lliiohand 1-alnch obJeotlvesH one eye-piece (piiwer 40 Lu 

3B0),lncase 128 00 

f'l'lie same wllh i-uck-nnd-plnlmi motion tSli 00 

r-8end tor ou- Gomp'ete Catnlogiie "I MIoroscopiB, and 

i copy of t'lH MioBOaoopicAij Bulletin— a bt-nmnthly 

liie. 

Corro'pondtnee ivviled. We are tUvava glad lo give a»ji fn/otma 

I Uon rrqaireil, or aitggestionn to aid in Ote choice of <tn inatrumeni 

"''iefOTJImiittetnied'pvrprme. 






HOW TO USE THE MICROSCOPE. 



COMDENSED 

KROSCOPIL— Whalltll 

inriuCoiutniciuii: Sa 






1 ToMther: Su 
_ _ , is: Twnit)-(L™ 

D^KTI^lllcltOECdPEE.— E^ntbb n'a Ga^'^D J^dng 

Model; The Contineaul MoJelT Ths'lST* Ameniain'HS 
Sliuidi; TiKBLiiociiIarllficroKope; The Binocular Eya-jBc* 



How Lo Make Then: 



Model: TheJackUB 



Objk 



TEsriNc Objbc 



_."Miep 
. ofComi 



«; Th. 



Aqua, 



1 P^iduii 









{ Pcwet : Working D^ 
.: French Triplets, el 

iHler's P^ht Philt 
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r Phyflidons; For Students. 

Foiccpt: Forceps Carrier: Plidn Slidea: Conciw 
.Icule Cage; Zoophyte Trough: The WeberSl-'-- 



Uui: MicnmaipH for fiotar 

Slidei:Waioli-Ghai Holder:'- _ _ „ . ., „ _.. 

The CeU-TrooEh: The ConiprenHiTiuiii ; Gravity CompnaiHHriua; GmwiaE Slidet; 
FrogPlalei Talje: Double MuBe-piece. 
I LLUUINATION.— Sun-Light: AnilidalLighti—Candlei, Gas Lamps, «c, 



i: lliePair 






Cenmdli^h : ObBquo Llehli ThoAr. . 

■ndHawtoirsei'; VenTiam-s Bcflex Illuminator, ai^ Hon 
IMsm: The •' Half-Bulton ; " 'ITie Woodward Illuminati 



Side tteOecteri 



jU*eit! TbeW;eqtuoil 



torn —Gen. 

5 nr Ljirg 

.— ^ihould be Kept Com 



IE. — CoUar-CoTTedioa, tta. 
- ' Caie of Ohjec^wj 

nirhich Corrode Glau: (Jleaoiog Ibe Ubjectif 
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